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1. To bring to light new and 
profitable applications of spec- 
troscopic instruments, 


2. To promote the rapid spread 
of useful information among 
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allied equipment. 


3. To keep alive a personal rela- 
tionship with users (and prospec- 
tive users) of Unicam instruments. 


If you would like to have your copy 
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please complete and return the 
form on the right. 


I wish my name to be included in the mailing list for 
Spectrovision 
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This is a colourless or pale straw-coloured, 


PHYSICAL PROPERTIES 
Boiling point at 760mm. 163°C, 
Freezing point ~87.3°C. 
Sp. Gr. at 15.6°C. 1.743 

Used as a catalyst in conden- 


sation and alkylation reactions ; 
for the preparation of alkyl and 
ary! fluosulphonates, acyl fluor- 
ides and aromatic sulphony! 
fluorides, As a toolin preparative 
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ACID 


mobile, liquid which fumes in moist air. 
It is a remarkably stable compound and can be 


redistilled in glass apparatus. 


chemistry, it is similar to chloro- 
sulphonic acid but is generally 
more stable, 

With boric acid it gives boron 
trifluoride in an easily controlled 
reaction which forms a conveni- 
ent method of generating small 
amounts of that gas, 

It has been used in the electro- 
polishing of certain metals, 


on handling, may be obtained from 
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the outstanding purities of 
Judactan 


analytical reagents 


We invite you to compare the 
actual batch analysis shown here, 
with the purities guaranteed by 
the specifications to which you 
normally work — we are sure the 
comparison will be helpful to you. 


AMMONIUM ACETATE A.R. 


Mol. We. 77:08 


ACTUAL BATCH ANALYSIS 


(Not merely maximum impurity values) 


Batch No, 10531 

Reacti (10% lution) pHe 7 
Non-volatile matter 0-0025% 
Chioride (Cl) 0-0003% 
Phosphate (PO,) 0-0002%, 
Sulphate (SO,) 0-0015% 
Lead (Pb).. 000006", 
Iron (Pe) 0-00005" 


ae mera. not of our own Control Laboratories 
alone, but alse on the confirmatory Analytical Certificate issued by independent 
Consultants of international repute 


This is the analysis of a 
Judactan reagent. And, as with 
every other reagent in the series 
it is the actual batch analysis 

— it is one of several of which 
we are especially proud. 


The General Chemical & Pharmaceutical Co. Ltd., Chemical Manofacturers, Judex Works, Sudbury, Middlesex. 
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918. Co-ordination Compounds between Ethylenediaminetetra-acetic 
Acid and Gallium, Indium, and Thallium. 


By Kazuo Sarto and (the late) Henry TERREY. 


Co-ordination compounds of gallium, indium, tervalent thallium, and 
aluminium have been prepared crystalline, and their compositions deter 
mined, The solids contain one mol. of co-ordinated water. Potentio 
metric titration of their aqueous solutions with alkali hydroxide gives curves 
similar to that given by tervalent chromium or iron, showing that the 
co-ordinated water is capable of dissociating to a hydrogen ion and a hydroxy- 
complex anion, Under certain conditions, the co-ordinated water can be 
replaced by other donors including halogen or ammonia. Thus elements 
of Group IIIB form compounds with ethylenediaminetetra-acetic acid 
similar to those of aluminium, tervalent chromium, or ferric iron rather than 
to those of the rare-earth elements. 


SCHWARZENBACH and BIEDERMANN ! suggested, from results of potentiometric titration, 
that anionic complexes are formed between ethylenediamine-NNN’‘N’-tetra-acetic acid * 
(EDTA) and aluminium, chromium, and ferric iron in a 1:1 molar ratio and contain 
1 mol. of co-ordinated water, which dissociates at pH 5-—9 to give a hydrogen ion and a 
hydroxy-complex ion (M"!Y-OH)*> (Y = the EDTA radical, C,gH,,O,N,*). They further 
prepared a crystalline complex compound HCrY,H,O which did not lose its water on 
prolonged heating at 110° in vacuo. 

Tervalent cobalt forms a similar anionic complex;* the co-ordinated water can be 
replaced by other donors, including halogens. The aquo-complex is, however, not stable 
enough to be obtained crystalline. Tervalent ions of the rare-earth elements, on the 
contrary, do not form such aquo-complex anions, although complex anions which contain 
other acid radicals are known. 

Little information was available concerning complex formation between EDTA and the 
tervalent metals of the gallium group. Flaschka and his co-worker ® used the EDTA 
complexes of indium and tervalent thallium in the analysis of both elements, tacitly 
assuming the formation of 1:1 compounds. Schwarzenbach, Gut, and Anderegg,* in 
their extensive study on the stability constants of EDTA complexes with a variety of metal 
ions, gave the formation constants for the indium and the gallium complexes but did not 
state the composition of these complexes. 

The present authors were of the opinion that the behaviour of tervalent ions of the 
gallium group towards EDTA could be compared with that of aluminium and of the rare- 
earth elements, since their ionic radii are between those of aluminium and the rare earths 
and their ionisation potentials are of comparable order. The complex compounds of 
gallium, indium, tervalent thallium, and aluminium with EDTA have therefore been 
prepared crystalline and their properties examined. 


EXPERIMENTAL 


Complex Compounds of Gallium,—Gallium nitrate, dissolved in water, was treated with 
an equivalent amount of disodium salt of EDTA and made strongly acidic with perchloric 
acid. Monohydrogen aquoethylenediaminetetra-acetatogallium(t1i) crystallised in a good yield 
on the addition of acetone (Found; Ga, 18-6; C, 31-8; ‘total H, 40; loss at 110°, 0-2. 


! Schwarzenbach and Biedermann, Helv. Chim. Acta, 1048, 31, 459 

* Brintzinger and Hesse, Z. anorg. Chem., 1942, 249, 118; Brintzinger, Thiele, and Miller, ibid., 
1943, 251, 285. 

* Schwarzenbach, Helv. Chim. Acta, 1949, 32, 839. 

* Marsh, /., 1950, 1819; Vickery, /., 1051, 1817 

> Plaschka, Mikrochem. Mikrochim. Acta, 1962, 40,42; Viaschka and Amin, Z. analyt. Chem., 1953, 
140, 6 

* Schwarzenbach, Gut, and Anderegg, Helv. Chim. Acta, 1954, 37, 937; Schwarzenbach and Freitag, 
ibid., 1961, 34, 1503. 
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soll g@OpN, requires Ga, 18-5; C, 31-9; H, 40; H,O, 0%). The aqueous solution of this 


compound was neutralised with sodium or potassium hydroxide, kept in a vacuum-desiccator 

until small crystals were formed on the surface, then treated with acetone to precipitate the 

fetrahydrated sodium or dihydrated potassium aquoecthylenediaminetetra-acetatogallium as 

Found Ga, 15:1; Na, 560; C, 266; total H, 47; loss at 110°, 15-7. 

oH ,,O,N,,4H,O requires Ga, 148; Na, 4-9; C, 25-5; H, 4-6; 4H,O, 153%. Found: 

15-6; K, 90; C, 27-9; total H, 3-8; loss at 110°, 8-2 KGaC,,H,,O,N,,2H,O requires 

15-5; K, 87; C, 266; H, 40; 2H,O, 8-0%). The water of crystallisation of both alkali 

ilts was lost at 110°, but the co-ordinated water not until 250° where the decomposition of the 
organic component began 

Complex Compounds of Indium.—-Freshly precipitated indium hydroxide, free from electro 
lytes, was boiled with an equivalent amount of EDTA until an almost clear solution was obtained 
lhe mixture was filtered, made acid with perchloric acid, and treated with acetone. Colourless 
monohydrogen aquoethylenediaminetetra-acetatoindium(11) was precipitated; it was washed 
vith acetone and dried between filter paper (Found: In, 27-1; C, 29-1; total H, 4-0; loss at 
200°,49. HInC,,.H,,0,N, requires In, 27-3; C, 28-5; H, 3-6; H,O, 43%). When equivalent 
amounts of indium hydroxide, EDTA, and alkali hydroxide were boiled, reaction was faster. 
Filtration, evaporation, and treatment with acetone gave the dihydrated sodium or mono- 
hydrated potassium aquoethylenediaminctetra-acetatoindium (Found ;: In, 24-2; Na, 4-9; C, 26-1; 
total H, 3-8; loss at 110°, 7-5; further loss at 200°, 3-8. NalInC,,H,,O,N,,2H,O requires 
In, 23-9; Na, 6-0; C, 25-0; H, 38; 2H,O, 7-5; H,O, 38%. Found: In, 24-2; K, 7-75; 
C, 249; total H, 3-7; loss at 200°, 7-75. KInC,,H,,O,N,,H,O requires In, 24-0; K, 8-2; 
C, 25-1; H, 335; H,O 4+ H,O, 755%). The ammonium salt monohydrate is obtained when the 
monohydrogen complex is treated successively with aqueous ammonia (1 equiv.) and acetone 

in excess of ammonia should be avoided; otherwise the salt would be contaminated by the 
ammine complex) (Found; In, 25-4; NH,, 3-2; loss at 110°, 0-15; further loss at 200°, 8-3. 
NH,IinC,,H,,O,N,,H,O requires In, 25-1; NH,, 3-7; H,O H,O, 79%). The caesium salt 
trihydrate is similarly obtained (Found; In, 18-8; Cs, 20-2; C, 19-8; total H, 3-7; loss at 110°, 
11-8, CsInC,,H,,0O,N,,3H,O requires In, 18-2; Cs, 21-9; C, 19-8; H, 3:3; H,O + 3H,0, 
12 ) 

When the sodium salt of the aquo-complex was dissolved in a warm solution of sodium 
bromide (45%) and set aside for a few days, prisms of disodium bromoethylenediaminetetra 
wcelatoindium(t) tetrahydrate were precipitated. They were washed with water—acetone 
saturated with sodium bromide and then with acetone (Found: In, 19-2; Na, 7-9; Br, 13-1; 

at 110°, 131 Na,InC,,H,,0,N,6r,4H,O requires In, 19-1; Na, 7-65; Br, 13-3; 4H,O, 
12-0 Diammonium chloroethylenediaminetetva-acetatoindium(111) dihydrate was obtained in 
cubes by boiling equivalent amounts of indium hydroxide and EDTA in a concentrated solution 
of ammonium chloride, made basic with ammonia [Found: In, 22-8; NH,, 6-7; Cl, 6-5; 
loss at 110°, 71. (NH,),InC,9H,,0,N,Cl,2H,O requires In, 22-5; NH,, 6-95; Cl, 6-7; 
2H,0, 71% Plates of ammonium amminoethylenediamineletra-acetatoindium(IIl) mon: 
hydrate were precipitated on treatment of a solution of the ammonium salt of the aquo-complex 


in aqueous ammonia with acetone [Found: In, 25-2; loss at 105°, 43; NHy,, 7-5. 
NH, InC,9H,,O,N,NH,,H,0 requires In, 25-2; NH,, 7:5; H,O, 395%). All of these halogeno 
and ammino-complexes are soluble in water and rapidly hydrolysed to the aquo-complex anion 
(InY*H,O)~ and bromide, chloride, or ammonium ions. The water of crystallisation of these 


compounds is removed at 110°, 

Complex Compound of Tervalent Thallium.——Metallic thallium was dissolved in concentrated 
nitric acid and oxidised with chlorine, The product was treated with aqueous ammonia, 
yielding a dark brown precipitate of the hydroxide, which was dissolved in nitric acid. Aqueous 
lution of the equivalent amount of disodium salt of EDTA was gradually added with stirring. 
Colourless monohydrogen aquoethylenediaminetetra-acetatothallium(ii1) was precipitated on the 
uldition of acetone (Found: Tl, 39-6; C, 24-3; H, 3-3. HTIC,,H,,O,N, requires Tl, 40-0; 
C, 23-56; H, 30%). This began to char at about 95° and gradually lost weight until complete 
decomposition of the organic residue occurred. 

Complex Compounds of Aluminium.—Freshly precipitated aluminium hydroxide was boiled 
vith an equivalent amount of EDTA until a clear solution was obtained, which was filtered, 
evaporated, and treated with ethanol to precipitate prisms of monohydrogen aquoethylencdi 
iminetetra-acetatoaluminium(iit) (Found: Al, 8-2; C, 36-6; H, 5-1 HAIC,,H,,O,N, requires 
Al, &1 C, 36-0; H, 45%). An aqueous solution of this compound was exactly 
neutralised, kept in a vacuum-desiccator until crystals were formed, and treated with acetone 
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to precipitate prisms of sodium aquoethylenediaminetetra-acetatoaluminium(il) tetrahydrate or 
the potassium salt dihydrate (Found: Al, 6-40; Na, 5-9; C, 29-7; total H, 5-1; loss at 110°, 
16-5. NaAIC,,H,,O,N,,4H,O requires Al, 6-3; Na, 54; C, 28:1; H, 5&2; 4H,O, 16-8% 
Found : Al, 6-8; K, 85; C, 31-7; total H, 4:3; lossat110°,9-0. KAIC,,H,,O,N,,2H,O requires 
Al, 6-6; K, 9-6; C, 20-4; H, 44; 2H,0O, 88%, Satisfactory values for carbon were obtained 
with the anhydrous aguo-salts (Found: C, 34:1. NaAIC,,H,,O,N, requires C, 33-7%. Found: 
C, 32:5. KAIC,,H,,O,N, requires C, 32-3%) 

rhe monohydrogen complexes of these metals are sparingly soluble in water whilst the 
salts are very soluble but not hygroscopic. None of them is soluble in organic solvents, including 
those having higher dielectric constants. Aqueous solutions of anionic complexes of gallium, 
indium, and aluminium fail to show ordinary reactions of the metal ions. On the addition of 
a concentrated solution of alkali hydroxide, however, the indium complex gives a colourless 
precipitate of the hydroxide. An aqueous solution of the thallic complex appears to be less 
stable towards reagents. On the addition of alkali hydroxide the brown hydroxide is precipi 
tated. It oxidises potassium iodide to iodine equivalent in amount to the thallium, No 
significant reduction is observed, however, on the treatment with sulphur dioxide, 

Potentiometric Titration,—Potentiometric titration curves of the aqueous solution of the 
monohydrogen complexes of gallium, indium, thallium, amd aluminium with alkali hydroxide, 
followed by the use of a glass electrode, are shown in the Figure. Similar curves were obtained 


{, HGaY,H,O; HAIY,H,O; or HTIY,H,O 
B, HInY,H,O 
Y ( ry HT 9! ),N,! 


! 4 
/ 2 


Molar ratio, olkal/: complex 


at a constant ionic strength in 0-Im-potassium nitrate. The curves for the alkali salts are 
respectively identical with the second half of those in the Figure, regardless of the cationi 
component of the complex salts. The solution of sodium bromo-LDTA-indium(ill) gives a 
curve identical with that of the aquo-complex, whilst curves of ammonium salts of aquo-, 
chloro- and ammino-EDTA complexes are less distinctive 

Absorption Spectva.—Aqueous solution of the complexes of gallium, indium, and aluminium 
are non-absorbing in the range 950—220 my (absorption of EDTA itself starts at 220 my); 
the absorption of the thallic complex remarkably increases below 320 mu. Generally it is 
believed that the greater the stability of a chelate compound, the shorter the wavelength at 
which the characteristic absorption cuts off 

Inalysi For analysis of metallic components of the complex compounds, the sample was 
decomposed with sulphuric and nitric acid. The hydroxides of gallium, indium, and aluminium 
were precipitated from acid solution with aqueous ammonia and ignited to oxides Tervalent 
thallium was reduced to the univalent state with sulphur dioxide and precipitated with chromate 
ions in ammoniacal solution. Alkalis were determined in the filtrate from the hydroxides by 
the usual method, Bromide and chloride were precipitated with a known amount of silver 
nitrate; the excess of the latter was back-titrated with potassium thiocyanate (iron alum as 
indicator), Ammonia was determined by the Kjeldahl method, Since the halogeno-complex 
anions are very rapidly hydrolysed in an aqueous solution, no special procedure was required 
for the displacement of halogens. The analyses of carbon and hydrogen were carried out 
mainly by Mr. A. V. Winter, whom the authors thank hey thank also Dr. Judith Grenville 


Wells for her help in crystallographic measurement 
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DISCUSSION 


From the titration curve it is seen that the anionic complexes of EDTA with gallium, 
indium, and thallium in aqueous solution contain one mol. of co-ordinated water, which 
as with chromium, ferric iron, and aluminium, dissociates to give a hydrogen ion. The 
fact that one mol, of water is removed with difficulty from the crystals of the complexes 
upports the view that it is held in the ligand also in the solid state. It was thus concluded 
that the co-ordination compounds of the gallium group of elements with EDTA are similar 
to those of aluminium (and of ferric iron and chromium) rather than to those of the rare- 
earth elements. 

Since the formation of the complexes is extensive enough,® apparent values of dissoci- 
ation constants for protons calculated as shown below could provide an approximation to 


Comparison of EDTA complexes of the Group IIIB elements. 
Ga In Tl 
0-62 0-92 1-05 
x 10% 9 x 10% me 
lo x 10 020 x 10% 
0-69 » 2 x lo* +x lo 0-32 x 10° 


* lonic radius (from Pauling’s table). * Formation constants of the complex anion (measured by 
rzenbach*). * Apparent dissociation constants of proton from the monohydrogen complex 

1h H-)\(MY°OH,~|/[HMY-OH,). Apparent dissociation constants of proton from the 
vated water at 15 (H-|[MY*OH?*~} /[MY-OH,~} 


the affinity between the proton and the anionic complex. K, and K, were calculated from 
the data of potentiometric titration on the assumption that only a negligible amount of 
hydrogen ion is provided by the dissociation of free EDTA. 

It appears as if K,, which can be a criterion of the affinity between proton and the 
co-ordinated EDTA radical, increases with increase in the formation constant of the 
anionic complex as given by Schwarzenbach and his co-workers. The K value for thallic 
complex has not been measured as yet; it can be predicted, however, that it would be sig 
nificantly smaller than that for indium. Such a decrease in stability is also observed in the 
series magnesium, zinc, cadmium, and mercury. The ease with which the thallic complex is 
reduced to the thallous state and decomposed by heat supports this view, too. This 
could be correlated with the value of ionisation potential; the latter decreases with 
increasing ionic radius in a sub-group of the Periodic Table, but mercury and thallium 
have greater values than those of cadmium and indium, respectively. 

The K, values appear to decrease with increase in the ionic radius. The smaller the 
ionic radius, the stronger the interaction between the metal ion and the co-ordinated water. 
rhe electron cloud of the oxygen atom might be so attracted by the metal ion that the 
electrolytic dissociation of proton is promoted to give a greater K, value. This also 
accounts for the loose combination of water in the indium complex. The heaviest member 
of the sub-group again shows an irregular behaviour. 

lhe fact that the monohydrogen complexes of gallium and aluminium and their sodium 
and potassium salts have respectively the same numbers of water molecules of crystallisation 
suggests that they may form isomorphous crystals. A comparison by the Debye-—Scherrer 
method disclosed that they formed very similar crystals although it was not certain that 
they were isomorphous, 
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919. Observations on Ammonium Ferric Disulphate Dodecahydrate 
(Ammonium Ferric Alum) and Some of its Derivatives. 


By Henry Bassett. 


Ammonium ferric alum effloresces to yield NH,Fe(SO,),,2H,O or 
NH,Fe(SO,), under dry tropical conditions. The preparation of a new basic 
double salt is described; its relation to the ammonium and potassium basic 
ferric sulphates first prepared in 1827 is discussed. 

Some evidence is given for the replacement of ammonium by hydroxonium 
and of (SO,)*- by [(OH),(H,O),)*~ in such salts, and even in the alum, The 
various colours of ferric alum are explained in a new way. 


AMMONIUM FERRIC ALUM is metastable under the dry tropical conditions of central 
fanganyika and gradually loses water to yield a white powder consisting of NH,Fe(SO,), 
in the form of plates belonging to the hexagonal system. These are relatively large 
(diameter 0-1—0-2 mm.) because fluctuations in atmospheric humidity permit the 
occasional formation of films of adsorbed moisture cn the primary efflorescence in which 
crystal growth occurs. The average shade day temperature at Dodoma is near 22° with a 
maximum of 27-8—33-2° and a night minimum of 10-2—18° according to the time of year. 
The relative humidity is high in the early morning but becomes very low in the afternoon. 
At 8°30 a.m. it ranges between 88% in February and 64°, in November while at 2-30 p.m, 
the range is between 57% in February and 27%, in November.! 

Unchanged alum was removed from the product of efflorescence either by leaching with 
cold water, or by continued exposure to constant weight. The final product then contained 
2—24°% of water. A few of the larger purplish fragments were picked out from the 
effloresced material and analysed to show that the second solid phase was unaltered alum, 
Anhydrous NH,Fe(SO,),, crystallising in hexagonal plates, was prepared by Lachaud and 
Lepierre* by prolonged heating of ferrous sulphate in fused ammonium sulphate. 
Weinland and Ensgraber * obtained it by heating ammonium ferric alum with sulphuric 
acid for some hours. Vegard and Maurstad * showed thgt the X-ray diagram corresponded 
with a hexagonal space lattice having a4 = 4-825 A andc == 8-310 A, 

Wiedemann ® says that ammonium ferric alum melts at about 34° to a brown liquid 
which does not solidify completely on cooling. Erdmann and Kothner ® give the m. p, as 
43-44”, Locke 7 as 40°, Houda and Ishiwara * as 37°, and Ephraim and Wagner ® state that 
the salt becomes brown at about 33° and is completely melted at 41°. 

It seems clear from the careful observations of Welo'® that ammonium ferric alum has 
no congruent m. p. but that there is an incongruent m. p. at approximately 37° at which 
transition occurs from the solid alum to a new solid phase and saturated solution, This 
indicates that the alum is relatively unstable towards either a lower hydrate or the 
anhydrous salt. Welo did not determine the nature of the new solid phase which is formed 
at about 37°. 

Crystals of NH,Fe(SO,), when kept wet at about 25° regenerate the alum after many 
days. lf attempts are made to hasten the process by heating with water, insoluble yellow 
basic salts are formed. Their formation could explain Lupton’s statement that the 


Summary of Meteorological Observations for 1949,"' Kast African Meteorological Department 
* Lachaud and Lepiérre, Bull. Soc. chim., 1892, 7, 356 
* Weinland and Ensgraber, Z. anorg. Chem., 1913, 84, 340 
Vegard and Maurstad, Z. Kryst., 1929, 69, 519 
*> Wiedemann, Wied. Ann., 1882, 17, 569. 
Erdmann and Kéthner, Annalen, 1897, 204, 2 
’ Locke, Amer. Chem. J , 1901, 26, 166 
* Houda and Ishiwara, Sci. Reports Tohoku Univ. 1915, 4, 231 
Ephraim and Wagner, Ber., 1919, 60, 1105 
' Welo, Nature, 1929, 124, 575. 
Lupton, /., 1875, 28, 201. 


1706 = Bassett: Observations on Ammonium Ferric Disulphate 


alum lost 23 out of 24 molecules water at 150° and all at 230°. Somewhat similar state- 

are made by Adolphs'!* and Masson.’* The alum would melt partially 

yut 37° and basic salts would separate from the solution so formed on 

further heating; a fairly high temperature is required to drive off all water from these basic 
ilt 

Ihe dark solution and the yellow basic salt obtained on warming the anhydrous 

ilt with water were separated by decantation. The yellow solid was dissolved by 
addition of sulphuric acid. The combined filtered solutions after standing at room 
temperature for some months yielded pale violet tetragonal bipyramids of 
NH,Fe(SO,),,2H,O via the white anhydrous NH,Fe(SO,). The preparation and analysis 
of this compound have been described briefly by Taylor and Bassett.1* The yellowish- 
brown solution produced by water and excess of NH,Fe(SO,), was inoculated with the 
dihydrate. After a fortnight the original hexagonal plates of NH,Fe(SO,), had all been 
converted into aggregates of minute needles of the dihydrate. 

Ihe conversion of the original alum into the dihydrate could also be accomplished by 
treating the solid with a little of the dihydrate. Observations made during these experi 
ments confirmed the opinion that the process of dehydration was complex and involved 
crystal growth in surface films of solution which were sometimes clearly present. It seem 
clear from these results that both in absence of any excess of sulphuric acid and also with 
much of it present the stable sequence of changes is 


NH, Fe(SO,),,12HO, ——?” NH,Fe(SO,),,.2H,O > NH,Fe(SO,), 
in the temperature range 25° to 30° though the metastable change 


NH, Fe(SO,),,12H,O —-*" NH,Fe(SO,), 


can also occur quite readily. No indications of any hydrates intermediate between the 


dodecahydrate and the dihydrate have been noticed. 

When some of the mainly dehydrated alum was kept with a small proportion of water 
and shaken occasionally at room temperature (25°) for a few hours all the fragments of 
unaltered alum dissolved but some of the NH,Fe(SO,), remained undissolved for a long time. 
rhe mixture was left to stand in the eovered beaker and as evaporation proceeded beautiful 
yellowish brown hexagonal plates and prisms separated from the brownish solution which 
crept up the sides of the beaker. Their composition agrees very closely with that required 
for a basic salt 1-5{((NH,),0),Fe,0,,450,,5-5H,O. This dissolves readily in water at 25° 
to give a solution which is nearly colourless when dilute but yellowish brown when 
concentrated. It has not been recorded previously. 

Maus,!® by spontaneous evaporation of a solution of ammonium ferric alum to which 
ammonia had been added until the precipitate formed no longer dissolved, obtained crystals 
with composition very close to that required for 2(NH,),O,Fe,0,,450,4H,0. A solution 
of potassium ferric alum treated in the same way with potassium hydroxide yielded crystals 
approximating to 2K,0,Fe,0,,450,.6H,O. Both of these preparations by Maus and the 
new one described above form precisely similar hexagonal plates and prisms which indicate 
ome probable close relationship. Maus was of this opinion regarding his two salts but 
noticed that there was more discrepancy between the analytical and calculated figures for 
the potassium salt than for the ammonium one, the potassium content found by analysis 
being much too low. 

By rewriting Maus’s ammonium salt and the new salt as (NH,),,Fe,0,(SO,),,(H,O), and 
(NH,)5,(H,O), Fe,0,(SO,),,(H,O), the new salt is seen to be derived from Maus’s salt by 
replacement of one quarter of the ammonium by hydroxonium 

lhe composition found by Maus for his potassium salt agrees closely with that calculated 


, Dissertation, Heidelberg, 1904 
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rand Bassett, /., 1952, 4438 
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for a mixture of : 70% of K,Fe,O,(SO,),,(H,O),, 20% 
10%, of K,(H,O),Fe,0,(SO,);,[((OH),(H,9),!,(H,O), 

Justification for postulating small replacement of [SO,)*~ by [((OH),(H,O),|*~ is derived 
from the replacement of (SiO,)*- by [(OH),)*" which can occur in silicates. The most 

triking example of this is found in the garnet group.'* 

Such replacement of (SO,)?~ may well occur to a limited extent in many cases and could 
explain the small deficiency of sulphate in the fresh supply of ferric alum and in the 
NH,Fe(SO,), derived from the old supply. 

Partial replacement of ammonium by oxonium probably occurs much more frequently 
than is realised. It has been shown?’ that H,SO,,Al,(SO,),,2H,O and NH,Fe(SO,), are 
isomorphous and that the former is the hydroxonium salt (H,O)AI(SO,),. Shishkin ** has 
shown that replacement of oxonium by ammonium ions can link together structurally similar 
basic, neutral, and acid salts. 

The existence of colourless and yellow varieties of ammonium ferric alum is explicable 
in terms of small amounts of yellow {[FeOH(H,O),|*" ions replacing [Fe(H,O),}*" octa- 
hedra }* of the alum lattice and balanced by replacement of (5O,)*" by (OH(H,O),|~. If the 
proportion of [FeOH(H,O),|** were just right optical bleaching of the violet colour of the 
pure alum would occur. With more of the yellow ion a yellow alum would result. 
Ostwald *° and Perman*! attributed a similar réle to colloidal ferric hydroxide but this 
seems less probable 


of K,(H,O),Fe,0,(SO,),,(H,O),, and 


) 


EXPERIMENTAI 

Inalysi No manganese was detected by the periodate test in any of the samples used 
Iron was precipitated twice with aqueous ammonia solution; a third precipitation was found 
unnecessary After ignition, ferric oxide was dissolved in concentrated hydrochloric acid, and 
its weight corrected for the silica present: dissolved silica in aqueous ammonia is a serious 
analytical nuisance in tropical conditions, Sulphate was precipitated from acidified solution as 
barium sulphate, and weighed. Water was estimated by difference 

Product of Efflorescence.--(a) A sample (4-4 g.) was treated for | hr. with water at 25° with 
occasional shaking The residue was filtered off, washed with alcohol, and dried in air (yield 
2-8 g.) [Found: (NH,),O, 88; Fe,O,, 30:2; SO,, J, 20. Cale, for NH,Fe(S0O,), 
NH,),0, 9-77; Fe,O,, 30-04; SO,, 60-19%} (b) A mple g.) was exposed in a shallow dish 
for four months (November to March) (loss 0-1 g.) [Fo , 97; Fe,O,, 29-5; SO,, 
58-2; H,O, 26%). (c) A sample (1-6 g.) was exposed for 5 weeks (June and July) (loss 0-02 g.) 
Found: (NH,),O, 98; Fe,Q,, 29-8; SO,, 58-4; H,O, 2.0% 

Hydration of Ammonium Ferric Disulphate a) A sample of the mainly dehydrated alum 


was treated with water, a large amount of NH,Fe(S¢ remaining undissolved, On heating it 


AP 
was converted into a yellow basic salt, which, after decantation of the dark solution, was dissolved 
in the minimum of sulphuric acid. The two solutions were mixed, filtered into a silica dish, and 
allowed to evaporate at 256—-30°. After a few weeks crystals of alum appeared, and in a few 
more weeks this was converted into white anhydrous NH,le(S50,), which in another four weeks 
formed pale violet prisms of the dihydrate, soluble with long shaking in 1-7m-hydrochlori 
acid at 25—30 
‘b) Water and excess of the anhydrous disulphate in a stoppered bottle at 25° slowly formed 
brown solution After a few days this was inoculated with a little dihydrate, and after 
two weeks the whole had been converted into dihydrate, except for a few large (diameter 1 em.) 
tals of alum 
Conversion of Dodecahydrate into Dihydrate A lump of fresh alum, splinters of which were 
hown to contain no doubly-refracting material {lound NH,),0, 56-5; Fe,O,, 16-6; SO,, 
32-7; H,O, 45-2. Cale, for NH,Fe(SO,),,12H,O: (NH,),0, 5-4; Fe,O,, 16-6; SO,, 33-2; H,O, 
14 ,], was sprinkled with a little dihydrate and left under a small inverted beaker from July 


Winchell, ‘ Elements of Optical Mineralogy,”” John Wiley, New York, 5th edn 
483 
1? Taylor and Bassett, 7., 1952, 4439 
1* Shishkin, Zapiski Vsesoyuz Mineral Obshchestua (Mém. Soc. russe minéral.), 1050, 79, 94—102 
Chem. Abs., 1950, 44, 7612; Zhur. obshchei Khim., 1961, 21, 456—467; Chem. Abs., 1951, 46, 6115 
'* Lipson and Beevers, Proc. Roy. Soc., 1935, A, 148, 664 
” Ostwald, ‘‘ Grundlinien der anorg. Chem.,’’ Leipzig, 1000, p, 585 
Perman, /., 1921, 119, 1996 
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to January. It had become a thin violet shell of the original lump, composed of intergrown 
nodules of the dihydrate: inside was a mass of similar material stained yellow by a film of 
basic salt 

Preparation of a Basic Salt-—A sample of the mainly dehydrated alum was shaken with 
water for several hours at 25 Unchanged alum dissolved quickly, the anhydrous salt only 
lowly. On standing and being allowed to evaporate, the mixture yielded yellow-brown 
hexagonal plates and prisms which were obtained practically free from mother-liquor by means 
of hardened filter-paper. They became stable in air after losing 2% of moisture {Found: NH,, 
7:5; Ve,O,, 244; SO,, 49-0; H,O, 19-1. 1-5{(NH,),0),Fe,0,,4S50,,54H,0 requires NH,, 7:8; 

Ro 


be,O,, 24:3; SO,, 48-7; H,O, 192%}. The basic salt dissolves readily in water at 25 


Ihe author thanks Mr. G. M. Stockley, late Director of the Survey, for facilities. 
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920. A New Synthesis of 2:3: 5: 6-Substituted 4-Pyrimidones. 
By BENJAMIN STASKUN and HENRY STEPHEN. 


2: 3:5: 6-Substituted 4-pyrimidones are readily synthesised by condens 
tion of imidoyl chlorides with methyl or ethy! a-alkyl-f-aminocrotonates, 
lik present synthesis involves condensation of imidoy] chlorides (1) with the amino-group 
of methyl or ethyl a-alkyl-$-aminocrotonates (11), followed by ring closure to 2:3: 5:6 
substituted 4-pyrimidones (III), the reaction being analogous to the synthesis of quin 


Me*C(NH,): CR” CO,x 


(th) 


azolones from imidoyl chlorides and methyl anthranilate.' The methyl and the ethyl 
ester of the same a-alkyl-$-aminocrotonic acid give, of course, the same pyrimidone. 

Ihe synthesis was modified by preparing imidoyl chlorides by rearranging ketoximes 
with phosphorus pentachloride,? which has the advantage that certain imidoyl chlorides, 
e.g., Me‘CCL.NPh, which are difficult to prepare from the amides, can be obtained and used 
in situ, and it is unnecessary to remove the phosphorus oxychloride produced during the 
rearrangement since it has no action on a-alkyl-f-aminocrotonic esters under the experi- 
mental conditions, Since hydrogen chloride and methanol or ethanol produced during the 
condensations react with imidoyl chlorides and a-alkyl-§-aminocrotonic esters the yields of 
pyrimidones were 50-65%, when equimolecular proportions of the reactants were used. 
Improved yields (70-80%) were obtained by using an excess of either imidoyl chloride or 


EXPERIMENTAL 

|.6-aminocrotonic esters were prepared by Conrad and Epstein’s method,’ and stored 

r phosphor oxide 
General Procedures (cf. Table 1).-(a) The imidoyl chloride (0-01 mol.) and a-alkyl-6-amino 
crotonic ester (0-005, 0-01, or 0-02 mol.) were refluxed in dry chloroform (40 c.c.) for 3——4 hr 
method A) or allowed to remain at room temperature for 2-3 days (method B), These 
methods furnish pyrimidones in poor yields from relatively unreactive imidoyl! chlorides, In 
such cases the imidoyl chloride and ester were heated (paraffin-bath) in the absence of a solvent 
method C), hydrogen chloride and alcohol being evolved. The products (any of the methods) 
ere acidified with dilute hydrochloric acid and steam-distilled; this hydrolysed unchanged 
ester to give steam. volatile or water-soluble products, and converted unchanged imidoyl chloride 


Levy and Stephen, /., 1956, 985 
Stephen and Staskun, /., 1956, 980 
Conrad and Epstein, Ber., 1887, 20, 3055 
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into the amide. After cooling, the latter was filtered off, and the filtrate, on treatment with 
charcoal and ammonia, deposited the crude pyrimidone which crystallised from dilute methanol 
or ethanol in colourless needles 

(b) To a solution of the ketoxime (0-01 mol.) in chloroform (50 c.c.) at 0° finely powdered 
phosphorus pentachloride (0-01 mol.) was rapidly added and the whole shaken for 1—2 min. to 
dissolve the pentachloride. The solution was removed from the ice-bath and treated according 
to one of the following procedures. The solution was refluxed for 15 min. to complete the 
rearrangement of the ketoxime, the a-alkyl-6-aminocrotonic ester (0-02—0-03 mol.) in chloro 
form (10 ¢.c.) was added, and refluxing continued for 2—3 hr. (method D), Alternatively, the 
olution after remaining at room temperature for 2 hr. was cooled (10°), the ester (0-02 


FABLE 2. 


| ne 
K in Yield Found, Reqd., 
Ket me Me-C(NH,)(CR‘CO,X Method Formula M.p. N (‘ I 
VhMet OH Kt I CyHyON, 65 126 12-5 12-3 
pC Hi Me)MeC!N-OH Et | C,,H,,ON, 65 82 #116 116 
Me D CigH ON, 65 146 12-2 123 
2-H yCMe!N-OH Et CygH gON,, He 65 130 8-4 AY 
Ph PreCiN-OH Et ; CigH ON, 2 106 ILB I16 
> Me j C 44H ygON $5 73 «121 =8«(123 
p-C,H Me), CIN-OH... Me j C,H y,ON 73 «(128 9-5 9-2 
" yea het Ik CapHyON, 60 140 0-0 8-8 
V1} a‘ NOH it D Table | 55 157 
0-03 mol.) in chloroform (10 c.« 10°) was added, and the mixture allowed to remain for I 
2 days at room temperature (method I) 

Phe following method (F) gave good yields of pyrimidone Che rearranged solution of the 
ketoxime, after remaining for 2 hr. at room temperature, was distilled at 40—45°/30 mm. to 
remove solvent (30 ¢.c.) and some phosphorus oxychloride The «-alkyl-$-aminocrotonic ester 
0-02-0-03 mol.) in chloroform (30 c.c.) was added and the mixture stored for 1—-2 days at 
room temperature, The products were treated as described previously Results are recorded 
in Table 2 rhe pyrimidones crystallised in colourless needles from methanol or ethanol 
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921. Structure and Reactivity of the Oxy-anions of Transition 
y Y 
Metals. Part 11.* Investigations by Electron-spin Resonance. 


By A. CarrinctTon, D. J. E. INGRAM, D. SCHONLAND, 
and M. C, R. Symon 


Klectron-spin resonance absorption spectra are reported for certain tetra 
hedral oxy-anions of manganese, iron, chromium, ruthenium, and rhenium 
mtaining either one or two unpaired electrons Ihe results are discussed 
terms of an orbital level scheme recently proposed by Wolfsberg and 
Helmholz! for the ions MnO,~, CrO,?~, and ClO, 


One of the most direct applications of electron-spin resonance is to compounds of the 
transition-group elements where the unpaired electrons are located largely in the inner 
shells of the particular atoms concerned. A study of their characteristics will thus give 
considerable information about the valency and energy state of the paramagnetic atom 
together with details of the bonding to its nearest neighbours. Examples of this type of 
work are the measurements on different ferric compounds to show the transition from 
ionic to covalent bonding,*:* and the results obtained from the chloroiridate ion * and 


° Part I, /., 1956, 3373 

Wollsberg and Helmholz, ]/. Chem. Phys., 1952, 20, 837 
Bagguley, Bleaney, Grithths, Penrose, and Plumpton, /’r Phy 
Bleaney and Ingram, ibid., 1952, 65, 953 

* Griffiths and Owen, Proc. Roy. Soc., 1054, A, 226, 06 


oc., 1948, 61, 542 
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similar compounds, where the amount of electron-transfer and x-bond character can be 
accurately calculated. 

A study of the oxy-anions of the transition-group elements might therefore throw 
additional light on their oxidation states and chemical bonding. These systems are not 
always the best to study by electron-resonance techniques since the compounds are usually 
stable only in concentrated alkaline solution and often can only be obtained easily in an 
alkali glass or in an amorphous form. Hence all the additional information available 
from angular variation in a single crystal is not readily obtained. Nevertheless, the 
variation of resonant absorption with temperature, and the effective spin value of the 
ground state can be used to give some information on the likely oxidation state and 
electronic structure of the paramagnetic atom and be correlated with chemical data. 

rhis differentiation between oxidation states arises from the fact that different energy- 
level schemes are associated with ions containing different numbers of unpaired electrons. 
Thus, if it can be shown that the electron-resonance absorption results will only fit into a 
certain energy-level pattern and that this corresponds to a certain configuration, then the 
oxidation state of the atom is immediately confirmed. The factors of interest are there- 
fore those from which the complex energy-level pattern of the ion can be deduced. 
Variation of the resonance line width with temperature is one such important factor. 
This arises from the fact that the Debye waves of the lattice can only share energy with 
the spin system via a coupling to the orbital motion of the electrons, If such coupling 
is strong, the compound will have to be cooled to very low temperatures before narrow 
absorption lines are obtained, and this implies that there are orbital levels quite close to 
the ground state for such strong spin-orbit interaction to be possible. Conversely, if it is 
found that the line width is independent of temperature, then the spin-orbit coupling 
must be very small and there must be a large splitting between the ground state and the 
next orbital level. It can be seen that a measurement of the variation of line width with 
temperature can therefore be used to distinguish between different energy-level patterns. 

Another factor which will help to determine the energy-level pattern of the ion is the 
effective spin value of the ground state. This determines the number of electronic 
transitions which will be observed and can thus be very easily determined from measure- 
ments on a single crystal. Since one or more of the transitions may vary with orientation, 
more care has to be observed in interpreting the results obtained from a glass or powder, 
as those transitions will have been spread over a large field variation and may thus not be 
observed. Additional information can also be obtained from the g-values of the electronic 
transitions which measure the rate of divergence of the electronic levels with magnetic 
field. Similarly, the hyperfine interaction with the nuclear moments of the atom can also 
be used since both of these depend on the orbital-level splitting to some extent. 

It is therefore possible by correlating all the observed facts to draw up a tentative 
energy-level pattern for the ion, and this is usually precise enough to distinguish one 
configuration from any possible alternative. 

Results.—Table 1 lists the oxy-anions studied together with the paramagnetic results 
obtained. The ions are classified according to the number of unpaired electrons. Before 
considering the individual results in detail, we describe the energy level patterns for each 
configuration, together with the particular effects that each has on the observed electron- 
resonance absorption associated with the ground state 

For a tetrahedral XO, complex, Wolfsberg and Helmholz ! have calculated the energies 
of molecular orbitals formed from linear combinations of d, s, and p atomic orbitals on the 
X atom and / orbitals on the oxygen ligands. Their results for MnO, and CrO,?~ are 
qualitatively very similar and suggest that the same level scheme would be applicable to 
other oxy-anions of the transition metals, particularly since McGlynn and Kasha ® have 
recently come to similar conclusions concerning the interpretation of the visible and ultra- 
violet absorption spectra of many oxy-ions including MnO, and CrO?~, On the scheme 
proposed by Wolfsberg and Helmholz the 24 “' valence electrons "’ of a complex like MnO, 
completely fill a number of levels to produce a “ closed-shell” structure. The next 


* McGlynn and Kasha, J. Chem. Phys., 1956, 24, 481 
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lowest-lying unfilled level, which these authors refer to as (3/,), consists of three degenerate 
molecular orbitals transforming under the representation T, of the tetrahedral group 7°. 
rhese are formed from d,,, dy,, d,, orbitals on the central atom in antibonding combin 
ations with n-type orbitals on the ligands, and Wolfsberg and Helmholz are able to interpret 
the visible and ultraviolet absorption spectra of MnO,~ and CrO,’~ in terms of excitation 
of electrons into this 3t, level 


TABLE 1. g-Values of the transition-metal oxy-anions. 


No. of unpaired 
electrons yt 
MnO; ; . swe O65 Mn0O~ 
Cro? 
Ket), 


One may conclude from these results that further electrons fed into a complex of this 
type will be accommodated in the 3¢, level which is altogether capable of holding six 
electrons. Thus transition-metal complexes similar to MnO,?~ would have the electronic 
conliguration (closed-shells) (3,)!, whilst those similar to MnO,*~ would have two electrons 
in the 32, level 

If it is assumed that the state of least energy obtained from te configuration (3/,)" is 
the one which has the maximum spin compatible with the Pauli principle,® then the ground 
states arising from the configurations mentioned above are as follows : 

(a) (3¢,)'. The ground state consists of three orbital states (transforming under the 
representation 7, of 7T,), each of which has a double spin degeneracy. The orbital 
degeneracy will be lifted by pertubations arising from distortions of the tetrahedron and 
from external crystalline fields, but the splitting will be comparatively small. Thus it 
would be expected that the lowest state of a complex of this type will be doubly degenerate 
(spin degeneracy) and will lie fairly close to the first excited states. 

Application of an external magnetic field will remove the spin degeneracy, and a single 
electronic transition between the two states of the ground doublet is possible. Because 
of the other low-lying levels the line width of the absorption should vary markedly with 
temperature 

(4) (3t,)*. The ground state consists of three orbital states (transforming under the 
representation 7, of 74), each of which has a triple spin degeneracy arising from the 
presence of two unpaired electrons (S =< 1). Pertubations due to distortions of the tetra- 
hedron, ete., will remove the orbital degeneracy, and the spin degeneracy may also be 
partly lifted even in the absence of an external field. An external field will remove any 
remaining degeneracy in the ground state, and two electronic transitions will be possible. 
If there is a zero field splitting, these two transitions may be shifted relative to each other 

o that they do not overlap and two separate absorption lines will be obtained. Because 
of the other low-lying levels the width of these lines will be dependent on temperature. 

An argument based on crystal-field theory leads to rather different conclusions. In 
this approach, the unpaired electrons are considered as being located entirely in d orbitals 
m the central metal atom, the ion being pictured as built up from a central positive ion 
and four oxide ligands (O*-). The effect of the electric field produced -by these four 
ligands in a tetrahedral arrangement round the central metal atom is to split the five d 
levels of the central atom into a group of two (dy) levels lying below the remaining three 
(de) levels. If this splitting is applied as a perturbation to the lowest term arising from the 
ground configuration of the free ion, the results shown in Table 2 for differing numbers of 
unpaired d electrons are obtained. The table also shows results for an ion with six ligands 
arranged in an octahedron.’ From the table it is evident that one can only expect narrow 
absorption lines at all temperatures from d* and d®* tetrahedral complexes and d* and d® 
octahedral complexes, 


tevens, Proc, Roy. Soi , 1953, A, 219, O42 
in Santen and van Wieringen, Hec. Trav. chim., 1952, 71, 420 
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The detailed results obtained from the different oxy-anions can now be considered and 
compared with the above conclusions, 

(a) MnO,?-, ReO,*-, and CrO,~. The paramagnetic resonance absorption spectra 
from all three of these complexes were found to consist of a single line which could only 
be observed at T = 20° k. The rapid increase of line width with temperature, together 
with the effective spin value of }, is in agreement with the deductions made above and 
confirms that each of the compounds studied did in fact contain one unpaired electron, 


TABLE 2 
‘Orbital degeneracy : 
Configuration Spin degeneracy tetrahedron octahedron 
doublet doublet triplet 
triplet singlet triplet 
quartet triplet singlet 
quintet triplet doublet 
sextet singlet singlet 


The line shape was asymmetrical in each case, with a prominent shoulder on the side of 
the peak. This may be interpreted as a g-value variation, and the extreme values are 
listed in Table 1, the , suffix being associated with the peak, and the , suffix with the 
shoulder. In the case of the manganate ion it has been found possible to make measure- 
ments on diluted single crystals and very much more information is thus available. The 
hyperfine structure from the J = 5/2 of the ®*Mn isotope can be clearly resolved and is 
found to be very anisotropic with extreme splittings of 150 x 10 cm. and 25 = 10* 
cm.'. A detailed analysis of these results will be published later. 

(6) MnO,3-, ReO,®, and RuO,?-. The most distinctive and readily interpretable 
electron-resonance spectrum in this group is obtained from the ruthenate ion, Two 
distinct electronic transitions are obtained, each with a slight spread but centred on 
apparent g values of 2-05 and 2-00 at 1-25 cm. wavelength. The separation is probably 
due to zero-field splitting of the spin triplet, and the two transitions have probably the 
same g value and a nearly isotropic splitting of 0-02 cm.'. This is in agreement with the 
postulated (3¢,)* configuration of the ruthenate ion. The absorption obtained from the 
hyporhenate ion is spread continuously over a relatively large field, its extremes corre- 
sponding to apparent g values of 2-50 and 2-08. This continuous range of absorption is 
probably to be attributed to the angular variation in splitting, however, and should thus 
be interpreted as arising from two electronic transitions with zero-field splitting varying 
from 0-00 cm.~? up to 0-12 cm... Only one broad line of 600 gauss width is obtained 
from sodium hypomanganate (Na,MnO,,10H,0), but on dilution of the sample this absorp- 
tion completely disappears. It would seem that this must be attributed to the sensitivity 
of the spin-triplet splitting to any irregular field symmetries which may arise in the diluted 
sample. These might well produce zero-field splitting so large that electron resonance is 
not possible with the frequencies available. Even this negative result is of use, however, 
since it is only configurations with an even number of unpaired electrons that can have all 
their degeneracy so removed by the action of internal electric fields. Each of the absorp- 
tion lines obtained from the three ions was found to be temperature dependent. The 
MnO,* ion had to be cooled to T == 90° kK before the signal was seen, whilst the lines 
obtained from RuO,- and ReO,®- were only seen at T — 20° x, This temperature 
dependence is what one would expect from a (3¢,)* configuration, but it is incompatible 
with the d* configuration of crystal field theory which would exhibit a line width 
independent of temperature. 

The absorption signals obtained from the ferrate ion were of particular interest as there 
appeared to be a marked change of g value with temperature, from 2-14 at 20° kK to 2-00 
at 193° k. There also appears to be an appreciable difference between the absorption 
obtained from BaFeO, and K,FeO,. These results do not fit into the pattern outlined for 
covalent oxy-anions with two unpaired electrons and this problem is being studied in 
more detail 
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EXPERIMENTAL 


Electronic Technique.—It has been seen that one of the main features of interest in this work 
is the variation of the electron-resonance spectra with temperature. Low-temperature 
resonators have therefore been employed working at 1-25 cm. or 8 mm. wavelengths. These 
were of the standard type * employing nickel-silver wave-guide feed to a cylindrical cavity 
operating in the H,,, mode, and were immersed in a tailed Dewar flask containing liquid oxygen, 
nitrogen, or hydrogen. The oxy-ion sample was placed centrally in the bottom of the cavity 
in the region of maximum microwave magnetic field, and normal crystal-video* methods of 
detection and display were employed, In this way the absorption lines can be observed directly 
on an oscilloscope screen, and the shape and width measured and photographed 

Preparation of Samples,--All reagents used were of *’ AnalaR ”’ grade. 

Solid potassium manganate was prepared and purified as described in Part I,” Potassium 
manganate—potassium sulphate mixed crystals were obtained from aqueous solutions of 
potassium hydroxide (4M), saturated with potassium sulphate at room temperature and con- 
taining potassium manganate at a concentration of about 10*m. This solution was concen 
trated rapidly by evaporation in an evacuated desiccator over potassium hydroxide pellets, and 
one of the very small crystals obtained on filtration was then used to seed the mother-liquor 
rhis was concentrated slowly by bubbling through it a slow stream of purified dry nitrogen 
By this simple method water vapour was slowly removed from the solution, carbon dioxide 
was excluded, and very gentle agitation of the solution was provided. Single crystals up to 
4 mm. long were obtained, 

Crystalline hydrated sodium hypomanganate was prepared as described in Part |.” 
Specimens of hypomanganate in an alkali glass were made by dissolving potassium permanganate 
in molten potassium hydroxide with access to air and cooling the hot blue solutions as rapidly 
as possible 

Dilute solutions of quinquevalent chromium were prepared in hot concentrated potassium 
hydroxide solution from potassium chromate, These solutions solidified to glasses at room 
temperature. No attempt has been made to isolate a crystalline derivative because of the 
extreme instability of the ion concerned, It is considered most probable that these green 
solutions contain the hypochromate CrO,'~ ion, Details of the methods used for the preparation 
and the chemical procedures used to establish the valence state of this ion will be published 
separately," 

Solid potassium ferrate was prepared and purified by the method described by Hrostowski 
and Scott * and analysed as described by Schreyer.» The resulting solid was found to be at 
least 95°, pure. Mixed microcrystals of potassium ferrate-potassium sulphate were obtained 
by saturation of an aqueous alkaline potassium ferrate solution with potassium sulphate and 
precipitation with solid potassium hydroxide, Barium ferrate was precipitated from a dilute 
alkaline solution of potassium ferrate by addition of barium chloride 

Sodium ruthenate was prepared in an alkali glass by dissolving finely divided ruthenium 
metal in molten sodium hydroxide and adding sodium peroxide.“ The resulting solid dissolved 
in aqueous sodium hydroxide to give a clear orange solution which had an absorption spectrum 
identical with that described by Connick and Hurley * for the ruthenate ion 

Barium rhenate was obtained by fusion of barium per-rhenate (0-22 g.), rhenium dioxide 
(0-07 g.), and sodium hydroxide (1 g.) in vacuo. The green mass was extracted with ethanol, 
leaving the insoluble barium rhenate as a dark green powder. By using a slight excess of 
per-rhenate it was ensured that no lower paramagnetic oxidation states of rhenium were present 

Potassium hyporhenate was prepared in an alkali glass by fusion of rhenium dioxide with 
the theoretical weight of potassium per-rhenate in molten potassium hydroxide in vacuo. No 
attempt was made to isolate the crystalline salt, since it is extremely unstable if free from alkali 

In order to ensure that the electron-resonance absorption lines studied were due to the 


* Ingram, “ Spectroscopy at Radio and Microwave Frequencies,’ Butterworths Scientific Public 
ations, London, 1955, p. 66 

* Op. cit., p, 04 

' Carrington and Symons, /., 1956, 3373. 

'! Bailey and Symons, unpublished work. 

'* Hrostowski and Seott, /, Chem. Phys., 1950, 18, 106 

'* Schreyer, Analyt. Chem., 1960, 22, 601, 1426. 

'* Krauss, 7. anorg. Chem., 1924, 182, 309. 

'*® Connick and Hurley, /. Amer. Chem. Soc., 1952, 74, 5012 

'* J, Noddack and W, Noddack, ' Das Rhenium,” Voss, Leipzig, 1933, p. 58 
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oxy-anions as recorded, several checks were made. Thus in measuring the magnetic suscep 
tibility of potassium ferrate, Hrostowski and Scott found a marked field strength dependence 
and concluded that this was due to a ferromagnetic impurity, possibly ferric oxide or a ferrite. 
As a check on the behaviour of these possible impurities an aqueous solution of potassium ferrate 
was allowed to decompose to ferric oxide, In asecond experiment potassium ferrate was allowed 
to decompose in very concentrated alkaline solution to give a solid solution of ferrite at room 
temperature. Neither of these samples showed any electron resonance either at room or at 
liquid-oxygen temperature. 

In order to distinguish the signal obtained from the Cr¥ ion from that caused by any Cr"! 
impurity, chromic chloride was dissolved in hot concentrated alkaline solution under oxygen- 
free conditions and cooled to a pale green glass, This gave a signal at room temperature, 
whereas the signal obtained from CrY was not seen above liquid-hydrogen temperatures 

In connection with the results obtained for the rhenate and hyporhenate ions, no resonance 
could be observed from rhenium dioxide, 
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By R. B, Jouns, S. N. Stater, and R. J. Woops (with, in part, 
D. Brascw and Roy Gee). 


Hydroxylation of the double bond of picrotoxinin has been studied and 
it is shown that with performic acid a product is obtained closely analogous to 
bromopicrotoxinin. Acylation and active-hydrogen studies are described. 
Reduction of picrotoxinin and several of its derivatives with lithium alu- 
minium hydride is described, together with the action of periodic acid on 
the reduction products. The resulting evidence for a hemiacetal structure 
leads to tentative formulation of picrotoxinin as either (XX) or (XX1) 


In Part IV! the functional groups of the picrotoxin-tutin series of compounds were 
discussed, Further experiments bearing on this problem are now described, 


THE DOUBLE BOND 


Halogenation of picrotoxinin and tutin, giving saturated monohalogeno-compounds, 
is one of the most characteristic reactions in this series. It is closely paralleled by the 
hydroxylation of picrotoxinin (I) with performic acid to give hydroxypicrotoxinin formate 
(II), CygH,gO,, a saturated non-reducing compound hydrolysed by formic acid to 


Bente OH {-? 
CisH,,O,4 ' — [ cuti.0, OH ~» C,,H,,0, d 
CMe:CH, CMe-CH,-O-CHO |- Me'CH,-O-CHO 
(I) (If) 
} 
\ 
OH 
CuHy.O,4 | cH,0,1 CuH,,0.4 
|—CMe-CH,Br |=CMe, |—CMe-CH,OR 
(V) (IV) (111) 


hydroxypicrotoxinin (III; R =H) which is stable to periodic acid and to lead tetra- 
acetate. Bromopicrotoxinin and hydroxypicrotoxinin are best formulated with the 
oxide ring on the tertiary rather than the primary carbon of the isopropyl group for the 
following reasons: (a) both picrotoxinin and neopicrotoxinin (1V) undergo bromination 


* Part VII, /., 1954, 1953 
Benstead, Brewerton, Fletcher, Martin-Smith, Slater, and Wilson, /., 1962, 1042 


4716 Johns, Slater, Woods, Brasch, and Gee : 


in a similar fashion and it seems likely that the oxide ring is formed on the “ unsaturated ”’ 
carbon common to the two compounds; (6) hydroxypicrotoxinin readily forms a mono- 
acetate (II1; R = Ac) and gives a positive response to chromic acid in acetic acid, 
suggesting that it is a primary rather than a tertiary alcohol. The tertiary carbon atom 
of bromopicrotoxinin (V) is asymmetric and two isomerides are known. By contrast, 
hydroxypicrotoxinin formate was isolated in one form only, possibly because the entering 
group has a different steric requirement. 


f OH OH OH 
CH, 9, ——& CyH,,O, — > C,,H,,9; ’ 
| —CMe'CH, —CMe—CH, | —CMeCH,-OH 
4 
(1) vy °° OH (VIL) 
OH OH 
(VIII) Caan) nes Cit 109, din (IX) 
‘ ~ e e," 


With perbenzoic acid, picrotoxinin gave an epoxide (VI), readily hydrolysed to 
dihydroxypicrotoxinin (VII) which is converted by periodic acid into «-picrotoxinone 
(VIII) and formaldehyde, which confirms the presence of a terminal methylene group. 
The stability of dihydroxypicrotoxinin is unexpected, since its formulation as (VII) 
suggests ready loss of water to give hydroxypicrotoxinin (I11; R =H). This stability 
is presumably due to a sterically unfavourable configuration of the tertiary hydroxy! 
group. Although perbenzoic and performic acid give different products from picrotoxinin, 
ne such difference is observed in the neo-series where, ¢.g., acetylneopicrotoxinin yields, 
with either reagent, acetylhydroxyneopicrotoxinin which according to its analysis and 
stability to periodic acid and to lead tetra-acetate lacks the a-glycol system. The oxide 
(VI) is a possible intermediate in conversion of picrotoxinin into picrotin (or an isomer) 
(IX) in which the presence of a dimethylcarbinol group seems established. 

Ihe presence in neopicrotoxinin (IV) of an isopropylidene group attached to a disubstit 
uted carbon atom is confirmed by the ultraviolet absorption spectrum, which shows 
relatively strong absorption in the region 215-—-220 my (¢ 3140 at 215 my) characteristic 
of tetrasubstituted double bonds.* No other derivative of picrotoxin showed strong 
absorption in this region, 

Hydroxypicrotoxinin resembles bromopicrotoxinin in giving a hydroxy-acid (hydroxy 
picrotoxinic acid), Cy,H,,O,, with dilute aqueous sodium hydroxide. The same acid was 
obtained by treating a-picrotoxinic acid with perbenzoic acid, but performic acid yielded 
an isomeric acid. The relation between the two may be similar to that between a- and 
é-bromopicrotoxinic acid. 

Meyer and Bruger * have described iodopicrotoxinin. We have been unable to repeat 
this preparation and have failed in attempts by alternative methods. The melting point 
of Meyer and Bruger’s product (198—199°) is practically identical with that of their 
picrotoxinin (200--201°) and no mixed melting point is recorded. We believe that the 
10-called iodopicrotoxinin is in fact merely recovered picrotoxinin 

Ihe above reactions, and the properties of the substances described, confirm certain 
generalisations previously advanced but reveal some unexpected irregularities. Con 
sistently with the conclusion by Benstead ef al.‘ that formation of the oxide ring of the 
bromo-compounds sequesters the hydroxyl group essential for alkali-fission and consequent 
generation of reducing substances, the hydroxylation products formulated with an oxide 
ring are non-reducing. Dihydroxypicrotoxinin resembles dihydropicrotoxinin in that, 
unlike picrotoxinin, it can be recovered from solution in cold dilute aqueous sodium 
hydroxide. Diazomethane has been postulated 4 as a reagent for distinguishing compounds 
of the “ picrotin "’ series from those of the “ picrotoxinin ” series. This assumption is 


' ladon, Henbest, and Wood, Chem. and Ind., 1951, 866; Halsall, ibid., p. 867 
' Meyer and Bruger, Ber, 1898, 31, 2958. 
* Henstead, Gee, Johns, Martin-Smith, and Slater, /., 1952, 2292 
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unjustified, since neither hydroxypicrotoxinin nor diliydroxypicrotoxinin is affected by 
diazomethane, and the behaviour of the picrotoxin series of compounds towards diazo- 
methane remains therefore unpredictable and largely uncorrelated. 

The Hydroxyl Groups (with D. Brascn and Roy Grer).--Because the functions of the 
non-lactonic oxygen atoms of picrotoxinin and picrotin are still incompletely defined we 
have made certain acylation and active-hydrogen studies. These help to define the number 
of hydroxyl groups present, although acylation can give only minimum numbers and 
active-hydrogen results give maximum numbers—particularly in complex lactonic mole- 
cules it is difficult to decide whether there are groups other than hydroxyl which can provide 
active hydrogen atoms. 

There are numerous references to acylation but the results are confused partly because 
early workers started with picrotoxin, and partly owing to the absence of full analytical 
details. 

Paterno and Oglialoro 5* heated picrotoxin with acetic anhydride and anhydrous 
sodium acetate to obtain a small amount of a substance, m. p. 227°, formulated as “ picrotin 
acetic anhydride,’ C,gH,,O,, and larger amounts of a substance, m. p. 245°, which reacted 
with bromine and was formulated as “ picrotoxinin acetic anhydride,” C,gH,,O,. Meyer 
and Kruger ® state that the acetylation of picrotoxinin itself with either acetic anhydride 
and sodium acetate or boiling acetyl chloride yields a picrotoxinin diacetate, CyygH yy, 
m. p. 254—255°, believed identical with Paterno and Oglialoro’s material of m. p. 245°, 
We have been unable to confirm the acetylation of picrotoxinin with boiling acetyl chloride, 
the starting material being recovered after about 30 minutes’ reaction. No better success 
was achieved with cold acetic anhydride and perchloric acid, or with acetyl chloride and 
magnesium (Spassow’s method 7), Sielisch * described the acetylation of bromopicrotoxinin 
with acety] chloride or acetic anhydride to a monoacetate, m., p. 268°. We have been unable 
to confirm either of these acetylations, and also failed with anhydride~perchloric acid and 
Spassow’s method, bromopicrotoxinin being recovered unchanged. As already described, 
hydroxypicrotoxinin yields a monoacetate (II1; K = Ac). 

Paterno and Oglialoro ® state that picrotin and boiling acetyl chloride give a mixture 
of picrotoxide and a substance, m. p. 202°, formulated initially as a diacetate, CygHyQO,, 
but later ® as a monoacetate, C,,Hg O,. Meyer and Bruger,® by treating picrotin first 
with cold and then with boiling acetyl chloride, obtained a mixture of anhydrodiacetyl- 
picrotin, m. p. 300°, and a substance, m. p. 207--210° believed identical with Paterno 
and Oglialoro’s material of m. p. 202°, but for which a diacetate formula was preferred ; 
no acetyl determination was reported. Meyer and Bruger also studied the reaction 
between picrotin and acetic anhydride~anhydrous sodium acetate, isolating a substance, 
m. p. 244—-245°, believed identical with the substance, m. p. 227°, obtained by Paterno 
and Oglialoro from picrotoxin (see above). On the basis of elementary analysis and 
acetyl figures, however, it was formulated as a monoacetate, C,,HygO,. We have examined 
the acetylation of picrotin under different conditions. First, we confirm the formation 
of the monoacetate, C,,HggO,, m. p. 242-243”, when picrotin reacts with acetic anhydride 
anhydrous sodium acetate; also that of a diacetate, C,,H,,O,, m. p. 200°. We have, 
however, worked with acetic anhydride rather than acetyl chloride and find the reaction 
complex. In the cold, without a catalyst, no reaction occurred. In the presence of a 
trace of sulphuric acid a mixture was obtained and separated into (a) acetylneopicrotoxinin, 
(5) an isomeric acetate, C,,H,,0,, m. p. 245°, and (c) high-melting material regarded as 
either anhydropicrotin (see above) or its acetate * but not further investigated. When 
anhydrous ferric chloride was used as catalyst several products were also isolated ; at room 
temperature after five days the diacetate, m. p. 200°, was readily obtained; when the 
reaction mixture was heated the main product was anhydropicrotin; a systematic fraction- 
ation of the product obtained after the reaction mixture had been kept for two days yielded 

* Paterno and Oglialoro, Gazzetta, 1879, 9, 57 
Idem, ibid., 1881, 11, 36. 

Spassow, Ber., 1937, 70, 1925. 


Sielisch, Ber., 1912, 45, 2655. 
Paterno and Oglialoro, Gazzetta, 1877, 7, 193. 


ee 6 


1718 Johns, Slater, Woods, Brasch, and Gee 


(i) a small amount of acetylneopicrotoxinin, (ii) a somewhat greater amount of material 
regarded as the impure isomeric monoacetate, and (iii) mainly the diacetate. 

Paterno and Oglialoro state that picrotin and benzoyl chloride give a monobenzoate, 
CogH,.0,, m. p. 230°, and Schmidt '® describes a (mono)benzoylpicrotin, m. p. 245°. 
Meyer and Bruger* describe both a monobenzoylpicrotin, m. p. 236°, believed identical 
with Paterno and Oglialoro’s material, and a dibenzoate, C,,H,,O,, m. p. 247°, which was 
obtained at higher temperatures. The only benzoate we have succeeded in preparing is 
the monobenzoate, m. p. 236°. 

From the above we conclude that picrotoxinin contains no acylatable group but that 
picrotin may form either a mono- or a di-acetate, and that under the influence of the 
acetylating agent used it may undergo dehydration to either neopicrotoxinin or an isomer 
not hitherto described but now isolated as its acetate. The existence of such an isomer 
had been earlier suspected." The infrared spectrum of the acetate shows carbonyl 
absorption at 1732 and 1790 cm.-! and double-bond absorption at 1649 cm.-! (identical 
with that of picrotoxinin and tutin), suggesting that it differs from mneopicrotoxinin in 
possessing an tsopropenyl group. Its chemistry has not yet been investigated. 

Ihe acetylation of dihydroxypicrotoxinin (VII) is interesting. On the basis of the 
non-acetylation of picrotoxinin and the presence of only one additional (primary) hydroxy] 
group capable of ready acetylation, it would be expected to form a monoacetate. In fact, 
it forms a triacetate and thus behaves in a manner analogous to that of dihydropicrotoxinin, 
which (unexpectedly) gives a diacetate,! 

Attempts have been made, particularly by Horrmann,!* to determine the number of 
hydroxyl groups by the Zerewitinoff method. The numbers do not lie very close to whole 
numbers and Mercer and Robertson attribute a value such as 1-5 for picrotoxinin to 
tenaciously held water of crystallisation. As we have never experienced difficulty in 
drying specimens for analysis it seemed to us more likely that the figure 1-5 was low rather 
than high, and due to incomplete reaction between picrotoxinin and the Grignard reagent 
under the conditions commonly used at that time (room temperature). Modern analytical 
practice requires heating of the reaction mixture. We have therefore redetermined the 
active hydrogen content of picrotoxinin and related substances, using an apparatus 
essentially similar to that of Hochstein.!® Table 1 shows the results, and also Horrmann’s 
figures, from which it is reasonable to assume that Horrmann did, in fact, work at room 


TABLE 1, 
Active hydrogen by 
Active hydrogen by Grignard reaction lithium aluminium hydride 

Substance Horrmann at 30° at 08 at 30 at 98 
Picrotoxinin ..... col . 1d 1-45, 1:48 2-12, 2-08 1s 
B-Bromopicrotoxinin oo OF 0-32, 0-32 0-93, 0-96 Os 
Keduced £-bromopicrotoxinin 4°00, 4°72 
8-Lbromopicrotoxinic acid 2-46 
Methy! f£-bromopicrotoxinate... 1-80, 1°85 2-07, 2-10 
Dihydropicrotoxinin > 3-00, 3-06, 3-05, 4°12 
Dihydropicrotoxinin diacetate 4-02, 4-04 
neoPicrotoxinin , 2-01, 3-25 2-91, 3°22 
Picrotin sennceh dbasededaesoe tle 2-02, : 2-02, 2-00, : 
Acetylpicrotin er O10, O O12, 20 
Benzoylpicrotin pdaadadcdekheoth 1-51, 1-50 2-11, 2-06 


temperature and that our figures at 98° represent completion of the initial reaction. The 
effect is particularly noticeable, for example, with $-bromopicrotoxinin. Lithium alu 
minium hydride is a useful alternative reagent for determining active hydrogen '® and 
the Table gives also the figures obtained therewith 
chmidt, Annalen, 1883, 222, 313 
later and Wilson, Nature, 1951, 167, 324 
Horrmann, Annalen, 1016, 411, 273 
Mercer and Robertson, /., 1936, 288 
* Pregl-Roth, ed, Grant, “ Quantitative Organic Micro Analysis,’’ Churchill, London, 4th edn., 1045, 
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It seems clear that picrotoxinin contains two active hydrogen atoms and that one of 
these takes part in the bromination. If active hydrogen is equated with hydroxyl groups 
this is in accordance with views previously expressed. The value of four active hydrogen 
atoms for dihydropicrotoxinin is unexpected. Hydrogenation of a double bond could 
conceivably remove an activating group and thus lower the figure, but would not be 
expected to raise it. An important difference has been observed, also, in the infrared 
spectra of the two substances—picrotoxinin absorbs at only one position in the 34 region 
(at 3455 cm.~!, in Nujol) whereas dihydropicrotoxinin has two bands (3527 and 3447 cm."!, 
in Nujol). The last bands are absent from the spectrum of diacetyldihydropicrotoxinin, 
which points to this substance’s being a normal O-acetate and to the presence of two 
hydroxyl groups in dihydropicrotoxinin, as previously inferred. The fact that the 
diacetate still possesses four active hydrogen atoms may be due to the known activating 
influence of acetate groups on the hydrogen attached to adjacent carbon atoms.?? 

Picrotin shows only two active hydrogen atoms. This was unexpected, in view of the 
generally assumed relation between picrotin and picrotoxinin, and was at first attributed 
to incomplete reaction. In the Grignard reaction, however, no significant increase was 
obtained when a large volume of solvent was used (to decrease precipitation effects) and 
the reaction time was doubled. Again, neopicrotoxinin, the dehydration product of 
picrotin, shows an increase in its content of active hydrogen atoms over the latter, and 
acetyl- and benzoyl-picrotin give puzzling figures. 

here is a clear conflict of evidence on the function of the sixth oxygen atom of picro 
toxinin, which may be present in an ethey or a hydroxyl group. The evidence in favour of 
two hydroxyl groups in dihydropicroto@nin is very strong, and this, coupled with the 
active-hydrogen figures for picrotoxinin and 6-bromopicrotoxinin and the lithium alu 
minium hydrogen reduction product of the latter (see below), suggests that picrotoxinin 
is a dihydroxy-compound. Against this is the somewhat uncertain relation between 
picrotoxinin and dihydropicrotoxinin. 

If the sixth oxygen atom is part of a hydroxyl group, there must be either a third 
carbocyclic ring or a second double bond in picrotoxinin. The spectral evidence is against 
a second double bond. On the other hand the reaction between a-picrotoxinone and 
methanolic diazomethane leads to a compound, C,,H,,0,N,, corresponding to methylation 
of a hydroxyl group and addition of a second molecule of diazomethane, such as would be 
expected in the conversion of an olefin into a pyrazoline. A preliminary study of this com- 
pound by Mr. Ghulam Hassan has shown, however, that the infrared spectrum lacks absorp- 
tion in the region expected for a C=N link, and the very ready loss of elementary nitrogen, 
either at the melting point or with cold mineral acid, also makes a pyrazoline structure 
unlikely. It may well be an intermediate of the type observed in reactions between alde 
hydes and diazomethane.’* It is concluded that a second double bond is absent. Thert 
is no available evidence which bears closely on the question of a third carbocyclic ring. 

No positive evidence for the presence of an ether linkage in picrotoxinin has hitherto 
been available, but strong experimental support is given below for the presence of a hemi 
acetal ether linkage, and in view of this it must be concluded that the balance of evidence 
is against a dihydroxy-structure for picrotoxinin. No explanation can be given for the 
anomalous behaviour of dihydropicrotoxinin. 

The Lactone Groups and Centres of Acidity.-The high oxygen content of picrotoxinin 
and of picrotin suggests that lithium aluminium hydride reduction of these substances 
(or suitable derivatives) may produce polyhydric alcohols susceptible to attack by glycol 
splitting reagents. Neither type of reaction is likely to proceed with isomerisation (such 
as accompanies all previously recorded degradations) and this offers hope of controlled 
stepwise degradation. 

Reduction of §-bromopicrotoxinin, C,,H,,O,Br, with lithium aluminium hydride 
gives (mainly) a crystalline alcohol, C,,H,,0,Br, in which the increment of total hydrogen 


17 Fieser and Fieser, ‘‘ Natural Products Kelated to Phenanthrene,” Reinhold Publ, Corp., New 
York, 3rd edn,, 1949, p. 521 

‘* Eistert, in ‘‘ Newer Methods of Preparative Organic Chemistry,’’ Interscience Publ. Inc., New 
York, 1948, p. 513 
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and in active hydrogen corresponds to the complete reduction of two lactone groups. The 
product was stable to boiling 2n-sulphuric acid, to boiling 0-5n-sodium hydroxide, and to 
boiling acidified silver nitrate solution. A smaller quantity of a second crystalline 
reduction product, C,,H,,O,Br, was also isolated. Since the only isomerisation likely to 
occur during the reduction is one analogous to that effected in passing from bromopicro- 
toxinin to bromopicrotoxinic acid, and reduction of the latter (see below) gives entirely 
different products, we assume that no such isomerisation has occurred. Debromination 
of the major reduction product has given small quantities of two crystalline products. 

Reduction of picrotoxinin itself, C,,H,,O,, gives somewhat intractable syrups, but a 
small quantity of crystalline material has been isolated. It is formulated as C,H Oy, 
suggesting that only one of the two lactone groups has been reduced, but there is virtually 
no characteristic infrared absorption in the carbonyl region, and the substance is unaffected 
by methanolic sodium methoxide which would be expected to open any residual lactone 
ring [there is an extremely faint band at 1792 cm.~* {in Nujol) which we attribute to slight 
contamination with incompletely reduced material, but no corresponding absorption with the 
dihydro-derivative or the methyl ether, described below). The alternative interpretation 
is partial reduction of both lactone groups.” The compound is non-reducing but may be 
degraded with alkali. It yields a methyl ether, C,,H,,O,, with both diazomethane and 
methyl! sulphate, and is smoothly hydrogenated to a derivative, C,,H,.O,. 

Keduction of either 6-bromopicrotoxinic acid or its methy! ester gives in high yield a 
crystalline product, probably C,,H,,O,Br. Its infrared spectrum shows medium absorp 
tion at 1639 cm.~' (in Nujol), whose origin is not apparent. Attempted debromination 
of the reduction product gave no useful material. 

rhe actions of periodic acid and of lead tetra-acetate on the above reduction products 
have been closely studied but some unexpected difficulties have been encountered. The 
reaction with reduced $-bromopicrotoxinic acid appears most straightforward: Table 2 


TABLE 2, Pertodic acid oxidation of reduced ¢-bromopicrotoxinic acid. 


Time (hr d in. 6 
Reagent reacted (atoms of O/mol.) . , 1-15 
Acid formed (equiv./mol,) 0 


shows these results. The crystalline product, C,,H,,O,Br, obtained in 95%, yield, is 


accompanied by some formaldehyde. It has also been obtained by the action of potassium 
permanganate. It has an ultraviolet maximum at 302-—-305 my, strong carbonyl 
absorption at 1768 cm.~', and gives a 2:4-dinitrophenylhydrazone. It is therefore 
formulated as a five-membered cyclic ketone.” The expected alcohol, C,,H,,O,Br, 
obtained by reducing the ketone with lithium aluminium hydride, is not attacked by 
periodic acid. 

If §-bromopicrotoxinic acid is formulated as (X), these changes may be represented 
as follows, in which the carbonyl group is regarded as present in the five-membered ring 
which appears in a number of degradation products of picrotoxin : 


. LIAIH, % HIO, 
C,,H,O,Br{ >C(OH)-CO, - ——— C,,H,,0,8r{ >C(OH)-CH,-OH ——> 
(X) 


m LIAIM, 
Cig, ,0,Br { >CO ——— C,,H,,O,8r{ >CH-OH 


The action of periodic acid on reduced $-bromopicrotoxinin, C,,H,,0,Br, is complex 
and appears to take place in two stages. The first (rapid) reaction consumes one mol. of 
reagent and is followed by slower consumption of periodate accompanied by expulsion of 
free bromine. Table 3 summarises the quantitative aspects of the reaction. Bromine 
appears in the reaction mixture after about three hours. 

If the oxidation is carried out with periodate in neutral or alkaline solution, or with 
lead tetra-acetate in glacial acetic acid, only one mol. of reagent is consumed (see Table 3) 

' Arth, J. Amer, Chem, Soc., 1963, 76, 2413; Hinder and Stoll, Helv. Chim. Acta, 1964, 37, 1866, 

' Bellamy, ‘' The Infra-red Spectra of Complex Molecules,’’ Methuen, London, 1964, p. 114 
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but the further action of acidic oxidising agents (periodic acid, iodic acid, acidified hydrogen 
peroxide) leads again to the expulsion of free bromine. Unfortunately no crystalline 
products could be isolated from the intermediate stage of oxidation, although two 
crystalline bromine-free end products, C,,H,,O, (?) and C,,H,,O, (?), have been obtained. 
Neither formaldehyde nor any other simple aldehyde or ketone has been regularly detected 
amongst the oxidation products (formaldehyde was identified once only). An important 
feature of Table 3 is that consumption of one mol. of periodic acid produces, from the 


PABLeE 3. Oxidation of reduced §-bromopicrotoxinin, Cy.Hg,O,Br. 
Minutes Hours 


ney 


No Reagent Time 5 25 36 l 
1 Periodic acid (acid Reagent reacted 105 1-05 
solution) (atoms of O/mol.) 
Acid formed (equiv. / 
mol.) 
{a}p (assuming con 
stant mol, wt.) 
Periodate (alkaline Reagent reacting 
solution *) (atoms of O/mol.) 
Acid formed (equiv. / 
mol.) 
Lead tetra-acetate Reagent reacted LO 
(mol, /mol 


Hours 


1-0* - - 1-05° 
1-05* Og? 


4 0-95 - 

* The oxidising medium was just alkaline to phenolphthalein, * A series of determinations in 
which the periodate reacting and the acid formed were determined simultaneously. ‘ A portion of 
the solution was removed and acidified after 24 hr. and the periodate reacting determined after a 


further 23 hr 


completely neutral starting material, one equivalent of (back-titratable, 1.¢., lactonic) 
acidity. This requires, in reduced bromopicrotoxinin, the grouping ~C(OH)*C(OH)-O 


which on periodate cleavage would generate lactone and carbonyl functions. It is signifi 
cant that the formula C,,H,,O, may be derived from C,,H,,0,Br by the two formal 
operations, (a) periodate cleavage, #.¢., loss of 2H, and (6) replacement of bromine by 
hydroxyl. Conductometric titration of the compound C,,H,,O0, confirms the presence 
of one centre of acidity and the infrared spectrum shows very strong y-lactone-carbonyl 
absorption at 1759 cm.-! (in Nujol), There is no other carbonyl absorption and any 
ketonic function (the compound is non-reducing) must be present in, ¢.g., hemiacetal 
form. The above considerations suggest the partial formulations of bromopicrotoxinin 
(and by inference picrotoxinin) as (XI), reduced bromopicrotoxinin as (XII), and the 
compound C,,H,,O, as (XIII, modified by subsequent hemiacetal formation), The 
postulated hemiacetal-lactone system (XI) has implications on the lactonic behaviour 
and spectra of picrotoxinin and bromopicrotoxinin, which are discussed below. 

rhe second periodate oxidation product, C,,H,,O,, appears from its infrared spectrum 
{medium absorption at 1712 cm."? (in Nujol)} coupled with its non-reducing properties, 
to be a ketone although no carbonyl derivatives have been obtained. 

Experiments designed to avoid elimination of halogen during periodate oxidation 
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and to obtain more conclusive evidence on the fate of the carbonyl function generated are 
being actively pursued, 

Table 4 summarises the action of periodic acid on the second reduction product of 
¢-bromopicrotoxinin, C,,H,,O,Br. 


Paw_e 4. Periodic acid oxidation of reduced 6-bromopicrotoxinin, C,,H,,O,br. 


LUMO cosrvevccerscccscccvecccsscnsossasscebsscevesesovsessocceees 30 min 2 hr. 24 hr. 45 hr 
Keagent reacted (atoms Of O/M0l.)  o....cccceseecerseees 0-65 0-65 0-95 115 
Acid formed (€quiv./M0].)  c..scscrssceevecsorereoreeerecees 05 05 0-8 


In previous papers of this series, especially Part 1V,' attention has been drawn to the 
weakness of the evidence that the two titratable centres of acidity in picrotoxinin are the 
two lactone groups present. There is now increasing evidence that one may be an acidic 
hydroxyl group. Thus, (4) both bromopicrotoxinin and hydroxypicrotoxinin are mono- 
basic only, the loss in each case of a hydroxyl group in the change from picrotoxinin being 
accompanied by loss of one unit of acidity, (b) the change of a- to $-picrotoxinic acid 


co i co CHyOH OH oH HO-H,C— —CH,OH HOH,C 

C—C—C—C—-C-C —C—C-—C—-C—-€ c- ¢° o¢-—C—Cc—C 

| Mi ee 
(XI) (XI) (XII) 


appears to sequester the hydroxyl group responsible for the ‘‘ reducing ’’ action of the 
former and this loss is accompanied by loss of one unit of acidity,*' (c) reduced picrotoxinin, 
which lacks carbonyl absorption and cannot therefore be lactonic, still titrates as a mono 
basic substance, and (d) both picrotoxinin and reduced picrotoxinin yield methyl! ethers 


HC — CO H,C-—CO 0 
[2 20 2% 
C—Ch, HC —CH O—CH CO 
Me Me 
OH 

(XIV) (XV) (XVI) 

CO O-COMe 
! 
NS Me -C+CH,*CH,-CO 
| 

Me,C—cO Os | 

(XVIN) (XVII1) 


with diazomethane. If this view is correct it implies that one of the lactone groups of 
picrotoxinin and closely related compounds such as bromopicrotoxinin is stable to dilute 
aqueous alkali. This is readily intelligible if one of the lactones is of the hemiacetal type 
postulated above. Such a system is found in certain products derived from the cardiac 
glycosides; digitoxigenin and strophanthidin (XIV) give the “ iso '’-isomers (XV) under 
alkaline conditions, and the methods by which these compounds are prepared suggest that 
they are insoluble in dilute aqueous alkali, t.¢., that the hemiacetal-lactone group is stable 
under these conditions.** The grouping (XVI) also occurs in certain degradation products 
of the aldosteroids, and these likewise are not alkali-soluble.™ * Woodward and Eastman *® 


*! Horrmann, Ber., 1913, 46, 2793 

"* Kef. 17, p 519 

” Simpson, Tait, Wettstein, Neher, von Euw, Schindler, and Reichstein, Experientia, 1954, 10, 132 
"™ Idem, Helv, Chim. Acta, 1954, 37, 1200 

** Woodward and Eastman, ]. Amer, Chem. Soc., 1950, 72, 399 
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have drawn attention to the behaviour of the compound (XVII), which titrates as a mono 
basic acid.*® 

Picrotoxinin and related dilactonic compounds, examined in Nujol mull, all possess one 
lactone band in the infrared region at a higher wave number than that usually associated 
with saturated y-lactones, viz., 1780—1760 cm.' (solution spectra):*’ thus for 
picrotoxinin, 1764; dihydropicrotoxinin, 1794; picrotoxinin epoxide, 1799; a-bromo- 
picrotoxinin, 1784; §$-bromopicrotoxinin, 1792; picrotin, 1803; meopicrotoxinin 1798; 
bromoneopicrotoxinin, 1797 cm.. This frequency shift is observed in the simple hemi 
acetal-lactone y-acetoxy-~y-valerolactone (XVIII), which absorbs *8 at 1797 cm.'; com 
pounds in the series (XVI) absorb at the extreme of the normal range (1779 cm.~4). 

Further, if an ether link is present, the lithium aluminium hydride reductions show 
that it cannot be an ethylene oxide, as postulated by Conroy,” since this would suffer 
fission under such conditions. This view is supported by a comparison of the infrared 
spectra of picrotoxinin and its epoxide—that of the latter contains bands at 1234, 915, 
and 781 cm.! attributable to the ethylene oxide ring but absent in the picrotoxinin 
spectrum (cf. Gunthard e¢ al.®), It is also unlikely that any other simple ether linkage is 
present, since no such linkage is observed in any of the degradation products of known 
structure. On the other hand the hemiacetal link is not open to this criticism since it 
would be unlikely to survive vigorous degradation and it also provides a simple explanation 
of the very different effects of acid and alkali upon picrotoxinin. 


(XIX) (XX) (XX) 


Although decisive degradative evidence is still lacking and the observed molecular 
rearrangements remain obscure, it is now possible to modify the Conroy formula (XIX) 
towards a moreacceptable solution. This maybe done (the sixthoxygen atom being assumed 
to be present in an ether linkage) by replacing the ethylene oxide ring bya hemiacetal-lactone 
system, asin (XX) or (XXI). Neither of these formulae is however completely satisfactory 
and additional work is required, 

EXPERIMENTAL 

Hydroxypicrotoxinin Formate (I1).--17-In-Hydrogen peroxide (2-0 ml.) was added to picro 
toxinin (3-8 g.) in 98% formic acid (20 ml.), and the mixture allowed tc evaporate at 35° 
overnight, The residue was crystallised from aqueous dioxan, to yield hydroxypicrotoxinin 
formate (2-28 g.). Recrystallisation gave the pure ester as needles, m. p. 237-—238° (Found : 
C, 57-1; H, 47. C,.H,,O, requires C, 57:2; H, 48% More crude ester (1-2 g.), m. p. 
215--217°, was recovered from the mother-liquors 

Hydroxypicrotoxinin (IIIT; R H).—Hot 2-5°% formic acid (20 ml.) was added to hydroxy 
picrotoxinin formate (0-5 g.) in hot dioxan (5 ml.), and the mixture refluxed for 1 hr, and then 
concentrated, The hydroxypicrotoxinin (0-35 g.), which gradually separated, was recrystallised 
from aqueous acetone, to give needles (grouped in plates resembling hoar frost), m. p. 249--250° 
(decomp.), [a]}* —90° (in acetone) (Found: C, 58-9; H, 5-65. C,,H,,O, requires C, 58-5; 
H, 5:25%). The acetate (IIT; R = Ac), prepared with acetic anhydride and anhydrous 
ferric chloride, crystallised from aqueous acetone in plates, m. p, 236° (Found; C, 68-1; H, 5-2; 
Ac, 13-5. C,,H,,0, requires C, 58-3; H, 5-2; Ac, 123%) 

Dihydroxypicrotoxinin (VIT).—(a) Perbenzoic acid (0-55 g., 1-05 mol.) in acetone (10 ml.) was 

** Rothstein and Shoppee, J., 1927, 531 

*” Ref. 20, p. 153 

** Rasmussen and Brattain, /. Amer. Chem. Soc, 1949, 71, 1073 


** Conroy, thid., 1951, 73, 1889 
’ Gunthard, Heusser, and Furst, Helv. Chim. Acta, 1953, 36, 1900 
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added to picrotoxinin (1-1 g.) in acetone (40 ml.), and the solution kept at room temperature for 
36 hr, and then allowed to evaporate, ‘The solid residue, in chloroform, was diluted with ether, 
and the precipitate (0-75 g.) was crystallised several times from aqueous acetone, to give 
material, m. p. ca. 185° after much previous softening, which consisted largely of the epoxide 
Found: C, 67-4; H, 6&8. Cale, for C,,H,,0,: C, 5856; H, 525%). It reacted with small 
quantities of lead tetra-acetate and of periodic acid. The mother-liquors from the crystallisation 
of the epoxide were concentrated to give a mixture of the epoxide and prisms of dihydroxy- 
picrotoxinin, The former washed out with ether-acetone (1:1), and the latter, crystallised 
from aqueous acetone, had m. p. 262° (decomp.), (a)\? —65° (in acetone) (Found: C, 55-1; 
H, 646. Cy ,HyO, requires C, 55-2; H, 655%). The compound consumed 1-01 mol. of 
periodic acid in aqueous methanol (1: 1) during 1 hr. and 0-41 and 1-00 mol. of lead tetra 
acetate in glacial acetic acid during 1 and 24 hr. respectively. The triacetate, prepared with 
acetic anhydride and anhydrous ferric chloride, crystallised from aqueous acetone as plates, 
m. p. 240° (Found: C, 66-1; H, 5-6; Ac, 28-1. C,,H,,O,, requires C, 55-8; H, 535; 3Ac, 
286%). (b) Perbenzoice acid (1-0 g.) in chloroform (16 ml.) was added to picrotoxinin (2-0 g.) 
in acetone (5 ml.), and the solution was allowed to evaporate overnight at 35°, The solid residue 
was dissolved in dioxan (10 ml.) and refluxed with 5% formic acid (40 ml.) for 1 hr. The 
resulting solution was washed with ether (3 x 20 ml.) and concentrated, to yield the dihydroxy 
compound (1-6 g), identical with that described above. 

a-Picrotoxinone (VII1),—Dihydroxypicrotoxinin (1-25 g.) was dissolved in hot water 
(20 ml.), cooled to about 50°, and treated with periodic acid (0-86 g., 1 mol.) in water (5 ml.). 
The mixture was kept at room temperature for 15 min, and then at 0° for 15 min, The crystals 
which separated (0-9 g.) were recrystallised from aqueous acetone to give a-picrotoxinone a 
needles, m. p. (variable according to conditions of heating) ca. 210—-220°, {a|}? —10-3° (in EtOH) 
(Found: C, 668; H, 5-36. Cale. for C,,H,,0O,: C, 67-2; H, 48%). The ketone showed no 
depression of the m, p. when mixed with authentic a-picrotoxinone, The ketone was further 
characterised and identified by conversion into $-picrotoxinone (m. p. and mixed m, p, 252°) and 
picrotoxonic acid {m. p. and mixed m. p, 266° (decomp.)}. It gave a positive iodoform reaction. 

The original filtrate from the a-picrotoxinone was neutralised with barium hydroxide, 
filtered, and distilled, Formaldehyde (0-71 mol.), estimated and identified as the dimedone 
derivative (m, p. and mixed m, p, 190°), was evolved, 

liydroxypicrotoxinic Acids,—(a) Sufficient dilute sodium hydroxide solution and water 
were added to hydroxypicrotoxinin (0-38 g.) in acetone (10 ml.) to give a homogeneous alkaline 
lution. ‘Lhe solution was set aside for 5 min., then made just acid (litmus) with hydrochloric 
acid and set aside for several days. The material which separated was taken up in the minimum 
quantity of dilute sodium hydroxide solution and acidified as above. The crystals which 
eparated (0-30 g.) were recrystallised from water, to give the pure acid, m. p, 238—239° 
(decomp.), [a)* —42° (in EtOH) (Found: C, 55-1; H, 5-9. C,,H,,0, requires C, 55-2; 
H, 655%). The acid did not react with lead tetra-acetate in acetic acid during 1 hr. (6) 
ufficient dilute sodium hydroxide solution and water were added to hydroxypicrotoxinin 
formate (0-2 g.) in dioxan (5 ml.) to give a homogeneous alkaline solution. After 1 hr, the 
lution was made acid to Congo-red with hydrochloric acid, diluted with water (10 ml.), and 
concentrated to a thin syrup which deposited needles of hydroxypicrotoxinic acid (38 mg.) 
identical with the acid described above, (c) a-Picrotoxinic acid (0-7 g.) in acetone (5 ml.) was 
treated with perbenzoic acid (0-204 g.) in chloroform (7 ml.), and the mixture allowed to 
evaporate overnight. The crude solid was washed with ether and refluxed with dioxan (5 ml.) 
and 5%, formic acid (20 ml.) for 2 hr. The solution was extracted several times with ether, 
concentrated, and kept for several days. The few crystals (ca. 20 mg.) which separated were 
identified by m. p. and mixed m. p. with the acid deseribed above. (d) 17N-Hydrogen peroxide 
(0-4 ml.) was added to a-picrotoxinic acid (0-75 g.) in 95% formic acid (5 ml.), and the solution, 
after 5 hr. at 35°, was diluted with water (5 ml.) and left overnight. The solid formed (0-75 g.) 
crystailised from water, to give the isomeric hydroxypicrotoxinic acid as needles, m. p. 227° 
(decomp.), {a]\* —47-5° (in EtOH) (Pound; C, 55-9; H, 62%). The acid did not react with 
lead tetra-acetate in acetic acid during 24 hr. 

Acetylhydroxyneopicrotoxinin,—(a) Solutions of acetylneopicrotoxinin (0-4 g.) in acetone 


(5 ml.) and of perbenzoic acid (0-18 g.) in chloroform (3-6 ml.) were mixed and kept at 25° for 
5 hr. ‘The solid residue, dissolved in acetone (5 ml.), was mixed with water (5 ml.) and 98% 
formic acid (1 ml.) and left at 25° for 10 hr. The residue was washed with ether (10 ml.), and 


the solid (0-346 g.) crystallised from aqueous acetone to give the hydroxy-compound as needles, 
m, p. 261--262° (Found ; C, 58-8; H, 56-65; Ac, 11-9,12-6, C,,H,,O, requires C, 58-3; H, 5-2; 
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Ac, 12-3%). It was recovered from treatment with periodic acid, formic acid, and sodium 
methoxide in methanol, and did not react with lead tetra-acetate in acetic acid during 1 hr. 
It readily reduced sensitised ammoniacal silver nitrate. (b) Acetylneopicrotoxinin (0-25 ¢.), 
17n-hydrogen peroxide (0-15 ml.), and 98%, formic acid (3 ml.) were set aside overnight. The 
residue was repeatedly crystallised from aqueous acetone to give needles, m. p. 244°, showing 
no depression when mixed with the above hydroxy-compound (Found: C, 59-1; H, 6-55; 
Ac, 15-5%). 

Reduction of Methyl 8-Bromopicrotoxinate..-Methy| §-bromopicrotoxinate (21-8 g.) in dry 
dioxan (100 ml.) was added dropwise with stirring to a suspension of lithium aluminium hydride 
(11 g.) in dry ether (200 ml.), and the mixture refluxed for 30 min, Ethyl] acetate (20 ml.) was 
added with cooling, followed by 2n-sulphuric acid (400 ml.). Solid sodium hydrogen carbonate 
was added until the mixture was just alkaline to litmus, and the whole was then evaporated to 
dryness under reduced pressure. The residue was refluxed with successive portions 
of absolute ethanol (5 x 200 ml.), and the combined extracts were evaporated under reduced 
pressure. The solid residue separated from water as crystals, m. p. 176° (12-5 g., 58%), raised 
by further crystallisation from water to 178°, [a|}* —90° (in EtOH) (Found, for hydrated 
material: C, 45-8; H, 5-75; Br, 20-4. C,,H,,O,br,H,O requires C, 45-6; H, 6-85; Br, 20-3. 
Found, for anhydrous material; C, 47-9, 47-8; H, 5-65, 5-7. C,,H,,O,Br requires C, 47-8; 
H, 56%). The alcohol did not reduce ammoniacal silver nitrate solution. It reacted with 
0-48 and 0-98 mol. of lead tetra-acetate in acetic acid during 1 and 24 hr. respectively, Diazo- 
methane is without effect on the compound, and conductometric titration failed to reveal 
any potential acidity. The same compound was obtained by reducing §-bromopicrotoxinic 


acid. 

Reduction of §-Bromopicrotoxinin.-§-Bromopicrotoxinin (20 g.) was reduced with lithium 
aluminium hydride (11 g.) as described above. ‘The crude solid (generally 5-2-—-6-2 g., m. p. 
ca, 210°) was crystallised from ethanol or water, to give the pure alcohol, m. p, 219° (decomp.), 
«|? —112° (in EtOH) (Found: C, 48-0, 47-95; H, 64, 6-25; Br, 21-0, 22-05. C,,HyO,Br 
requires C, 47-5; H, 6-1; Br, 21-2%). The alcohol gave an amorphous p-nitrobenzoate (Found: 
C, 52-5, 52-6; H, 3-4, 3-0; N, 5&3. C,,H,,0,,N,Br requires C, 52:3; H, 3-0; N, 61%), 
absorption bands (34 region) at 3485 and 3455 cm.~' (no CO absorption), 

A portion of the mother-liquor from which the crude alcohol had separated was dissolved 
in dilute aqueous sodium hydroxide and continuously extracted with ether. The ether extract 
yielded a neutral syrup which deposited a little of the crystalline alcohol on long storage. The 
alkaline solution was then acidified and extracted with ether. The extract yielded a syrup 
which slowly deposited crystals, further crystallised from ethanol to yield a second alcohol, 
m, p. (for two specimens) 203°, 205° (decomp.) (Found : C, 47-45; H, 55. C,.H,,O,Br requires 
C, 47:75; H, 56%). The compound lacked absorption in the carbony! region of the infrared 
spectrum. It reacted with 0-55 mol. of lead tetra-acetate in acetic acid during | or 24 hr, 

Reduction of Picrotoxinin,— Picrotoxinin was reduced with lithium aluminium hydride as 
described above, and the crude syrup from several preparations chromatographed on alumina. 
One fraction, which reacted with 0-49 mol, of lead tetra acetate in acetic acid during 1 hr., 
deposited a small quantity of a compound which formed large plates (from methanol), m, p. 
212° (Found; C, 60-85, 61-1, 60-85, 60-65; H, 7-25, 7:25, 6-9, 6-9. C,,H,,O, requires C, 60-8; 
H, 68%). 

Methylation of Reduced Picrotoxinin.-(a) Ethereal diazomethane was added to the alcohol 
(60 mg.), dissolved in methanol (10 ml.), to yield the methyl ether which crystallised from 
methanol in needles (16 mg.), m. p. 170° (Found; C, 62-4; H, 7-09. C,,H,,O, requires C, 61-9; 
H, 7-1%). (6) The alcohol (57 mg.) was dissolved in the minimum quantity of 40%, aqueous 
potassium hydroxide, diluted with a little water, warmed slightly, and then treated with methy! 
sulphate (4 drops), the mixture remaining alkaline. The solution was warmed for a few minutes, 
acidified with sulphuric acid, and extracted five times with ethyl acetate. The extract was 
evaporated, to yield a solid which crystallised from ethanol (yield, 10 mg.) and then aqueous 
ethanol and had m. p. 176° [mixed m. p. with the product from (a), 171°), 

Hydrogenation of Reduced Picrotoxinin.—-The alcohol was hydrogenated in the presence of 
platinum to give the derivative (Found: C, 60-3; H, 7-68. C,,H,,O, requires C, 60-4; H, 7-4%). 

Attempted Debromination of Reduced Bromopicrotoxinin.—The reduced bromopicrotoxinin 
was treated with zinc dust and ammonium chloride in the usual way, to give a syrup from 
which, by conventional methods, small quantities of a non-reducing substance, m. p, 226°, 
were obtained, By working up mother-liquors a second compound was obtained as needles 
(from methanol), m. p. 153° (Found: C, 50-9; H, 7-05. Calc. for C,,.H,,O,: C, 60-4; H, 7-4, 
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Cale, for Cy sHyO,: ©, 60-0; H, 805%), which did not react with lead tetra-acetate in acetic 
Af Tal 

Kteaction of Reduced %-Bromopicrotoxinic Acid with Periodic Acid,-A solution of periodic 
acid (7-0 g.) in water (35 ml.) was shaken with the reduction product (7-6 g.) in water (75 ml.) 
at 50 The resulting semisolid mass, after 30 min. at 0°, was filtered off and washed with water 
he ketone (7-25 g.) crystallised from water in needles, m. p. 200-—-201°, {«)}? —46-5° (in acetone) 
(found; C, 48-85, 48-8; H, 5-45,5-0; O, 22-9; Br, 22-8. C,,H,,O,Br requires C, 48-7; H, 4-9; 
, 24-2; Isr, 23-2%). It does not reduce ammoniacal silver nitrate, is unaffected by diazo 
methane, and gives a 2: 4-dinitrophenylhydrazone, sparingly soluble in ethanol from which it 
crystallises in yellow needles, m, p. 282° (decomp.) (Found: C, 46-1; H, 40; N, tbl 
Cootl,,O,N,Br requires C, 45-7; H, 40; N, 10-7%). The ultraviolet spectrum of the ketone 
shows & maximum at 302—-305 my (e 31). 

The filtrate from the crude ketone was neutralised with barium hydroxide solution, filtered, 
and distilled, The distillate yielded the dimedone derivative of formaldehyde, m. p. and mixed 
m. p. 187° (0-09 mol.), 

Reduction of the Ketone,—The ketone (0-75 g.) was reduced with lithium aluminium hydride 
to a product which crystallised in needles (0:46 g,) from water. lKecrystallised, the alcohol 
had m. p. 174° and showed a marked depression when mixed with the reduction product, m. p 
178”, of 6-bromopicrotoxinic acid itself (Found: C, 49-0; H, 5-9; Br, 21-3, 21-6. C,,H,,O,br 
requires C, 484; H, 6-5; Br, 23-05%) 

Reaction of Reduced %-Bromopicrotoxinin with Periodic Acid.-The alcohol C,,H,,O0,Br 
(1-0 g.) was shaken with a solution of periodic acid (1-4 g.) in water (40 ml,) until dissolution 
was complete and then left overnight. During the reaction bromine was liberated. The 
solution was made just alkaline with barium hydroxide, filtered, acidified with a few drops of 
dilute sulphuric acid, filtered again, and then concentrated to half-volume under slightly reduced 
pressure, The concentrate was continuously extracted with ether to give, after removal of 
the ether, a glass (0-45 g.) which partially crystallised. The extraction was continued with 
ethyl acetate to give two fractions of which the first was solid (0-24 g.) and the second partly 
crystalline (0-26 g.). The solid products were combined and crystallised from water or ethanol, 
to give the lactone, m. p. 255° (decomp.), (ai? 85° (in EtOH) (Found: C, 57-55, 57-05, 57-05; 
H, 6-85, 7:05, 685. C,,H,,G, requires C, 57-3; H, 7-05%). ‘The lactone did not reduce 
ammoniacal silver nitrate or react with diazomethane, 

\ small quantity of a second product was obtained in one experiment as flat needles or 
rectangular plates (from ethanol), m, p. 227°, [aj —116° 4- 13° (in EtOH) (Found: C, 60-45; 
H, $26. CygHy,O, requires C, 60-0; H, 8-05%). It showed a mixed m. p. depression with the 
product, m. p, 226", obtained in the debromination of reduced §-bromopicrotoxinin. 

Acetylation of Picrotin.—(a) With acetic anhydride and sulphuric acid, Picrotin (2 g.), 
acetic anhydride (10 ml.), and concentrated sulphuric acid (2 drops) were set aside for 2 days 
and the resulting white precipitate (0-43 g.) was filtered off and recrystallised fvom much 
methanol; it then had m. p. >300°, The filtrate was decomposed with water, and the resulting 
precipitate (0-81 g.) was collected and fractionally crystallised from methanol to yield acetyl 
neopicrotoxinin, m, p. and mixed m. p. 190° (Found; C, 60-7; H, 49; Ac, 12-6, Calc. for 
C,,H,.0,: C, 61-1; H, &4; Ac, 12-09%), and a higher-melting, more soluble isomer, m, p. 245° 
sharp depression when mixed with monoacetylpicrotin of similar m. p. (Found: C, 60-6; 
Hi, 6-46; Ac, 123%). The latter compound was unsaturated towards alkaline permanganate 

(b) With acetic anhydride and ferric chloride. A small quantity of anhydrous ferric chloride 
was added to picrotin in excess of acetic anhydride. After 5 days the product was diluted with 
water, to yield the diacetate, which, crystallised from ethanol, had m. p. 200° (Found: C, 57-9; 
H, 5-6; Ac, 21-9. Cale, for C,,H,,O,: C, 57-9; H, 5-6; 2Ac, 21-8%) If the reaction mixture 
is heated on the water-bath the main product is anhydropicrotin, m. p. and mixed m. p. 328 
(Found; C, 62-0; H, 63. Cale. for C,,H,,O,: C, 61-6; H, 55%). 

Reaction between a-Picrotoxinone and Diazomethane (with GuuLamM Hassan and G, K. 

LEEMA) i:thereal diazomethane (slight excess) was added to a-picrotoxinone (0-4 g.) in 
methanol. After 2 hr. the solvent was removed under reduced pressure and the residue 
crystallised from methanol. The ether (0-39 g.) had m. p. ca. 202° (gas evolution; bath pre- 
heated to 190°) (Found: C, 54-8, 54-8; H, 5-2, 6-3; N, 81, 7:8; OMe, 96. C,,H,,0O,N, 
requires C, 54-85; H, 5-2; N, 8-0; OMe, 8-9%) 

Reaction between @-Picrotoxinone and Diazomethane.-Under conditions similar to those 
described above a product was obtained, m. p. ca. 198° (gas evolution), mixed m. p. with the 
above substance, ca. 195° (Found: N, 81%) 
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923. T'wo Hypothetical Metabolites of Proguanil ( Paludrine’’). 
By R. M. AcnEson and N, F. Taytor. 


Several benzoxazoles and benz-epines, modelled on proguanil, have been 
prepared from the appropriate amines and dicyandiamides or dicyanimide 
respectively, None of the compounds showed any antimalarial activity, 


rue discovery ! that proguanil (‘‘ Paludrine ’’) (1) itself is not an antimalarial agent but 
that it is transformed in vivo into a highly active metabolite prompted speculation con- 
cerning the nature of the active material. The experiments here described were mostly 
carried out before the identification * of the metabolite as 4: 6-diamino-1-p-chlorophenyl- 
| ; 2-dihydro-2 : 2-dimethyl-1 : 3 : 5-triazine. 

Oxidative cyclisation of proguanil could give 5-chloro-2-N*-1sopropylguanidinobenzimin- 
azole, but this compound is inactive against Plasmodium gallinaceum® An alternative 
cyclisation leads to the benzotriazepine (II; R = Cl, R’ = Pr'). The unsubstituted deriv- 
ative (Il; R = R’ = H) had earlier* been obtained from o-phenylenediamine and di- 
cyanimide. The l-methyl derivative (Il; R =H, R’ = Me) was formed under similar con- 
ditions from N-methyl-o-phenylenediamine and likewise did not react with aqueous nitrous 
acid. As the product from this reaction could have been 2-guanidino-1-methylbenzimin- 
azole, formed by reaction of one cyano-group of the dicyanimide with the diamine to give 
2-cyanoamino-1-methylbenziminazole followed by addition of the ammonia produced to 


R’ ,NH 

N—-C 

K \ 
NH 

ys 

N—C. 
H = "NH 

(Hl) (Hh) 


the second cyano-group, this compound was prepared from N-methyl-o-phenylenediamine 
and dicyandiamide; its monopicrate was different from the dipicrate obtained from the 
triazabenzepine (Il; R = H, R’ = Me) under the same conditions, The chlorobenzo 
triazepines (II; R = Cl, R’ = H, Et, and Pr') were then synthesised from the appropriate 
diamines, obtained by the catalytic reduction of the corresponding nitro-amines and 
isolated as the picrates which were then converted into the sulphates. The normal course 
of a P. gallinaceum infection in chicks was not, however, altered by the benzotriazepine (II; 
R = R’ = H) or any of its substituted derivatives described here; we thank Miss A. 
Bishop and Mrs. A. M. Yates for this information 

Hydroxylation of sulphanilamide ortho to the amino-group in man and rabbits,‘ and of 


* Hawking, Nature, 1947, 158, 409. 

* Crowther and Levi, Brit. J. Pharmacol., 1953, 8, 93, and earlier papers 
* Acheson, King, and Spensley, Nature, 1947, 160, 53; /., 1048, 1366 

* Williams, Biochem. J]., 1946, 40, 219; 1947, 41, | 
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orthanilamide in rabbits,® has been established. A similar substitution of proguanil 
followed by elimination of ammonia would lead to the benzoxazole (II1; R = Cl, R’ = H, 
R” == Pr') which was next synthesised. The unsubstituted benzoxazole * and two deriv- 
atives 7 had been obtained earlier from the o-aminophenols, hydrochloric acid, and di- 
eyandiamide. This condensation was used for the synthesis of the benzoxazoles (III; 
R = R” = H, R’ = OMe; R = Cl, R’ = R” =H; andR = R’ = Cl,R” =H). The2-N*- 
isopropylguanidinobenzoxazoles (III; R” = Pr') were obtained similarly but were much 
more difficult to crystallise. Early attempts to isolate the benzoxazole (III; R = Cl, 
R’ H, R” == Pr') from the reaction mixture as the picrate, which was purified, gave only 
2-amino-6-chlorobenzoxazole picrate, but once the crude base (III) had been obtained 
crystalline direct from the reaction mixture no further difficulty was encountered. Im- 
perial Chemical Industries Limited, Dyestuffs Division, in 1953 kindly tested the benz- 
oxazoles (III; R «= R” = H, R’ = OMe) against P. berghei and P. gallinaceum, and the 
compound (IIL; Re Cl, R’ = R” == H) against P. gallinacewm, but they proved inactive. 
We have been informed that this is also the case with the hypothetical metabolite (III; 
R = Cl, R’ H, Rh” «= Pr') of proguanil. 

In our hands Roberts and Rhys’s synthesis * of 2-amino-5-chlorophenol proved more 
satisfactory than that of Theilacker’s.® 5-Chloro-2-nitrophenol could be obtained only in 
very small yield from 2 ; 4-dichloronitrobenzene and sodium hydroxide under a variety of 
conditions. m-Chlorophenol was obtained crystalline for the first time and in improved 
yield by modifying a published method.’ There appears to be no rigorous proof in the 
literature of the structure of 1 ; 2-dichloro-4 ; 5-dinitrobenzene. The nitro-groups must be 
ortho to each other as condensation with ribitylamine, reduction, and then condensation with 
alloxan afford a dichloro-9-ribitylisoalloxazine. The tsoalloxazine is isomorphous with 
vitamin By."! This suggests strongly that the structure given to the chlorodinitrobenzene 
is correct and it is supported by some infrared absorption measurements. Williams ™* 
and Thompson ™ have shown that in a series of 1:2: 3: 4-tetrasubstituted benzene 
derivatives a pronounced absorption band at 12-12 y is consistent with vibrations of the 
vicinal hydrogen atoms on the benzene rings; for 1 : 2:4: 5-tetrasubstituted derivatives 
absorption is usually minimal here but takes place in the 11-36-—-11-62 uw region. 1: 2-Di- 
chloro-4 : 5-dinitro-, 1 : 2-dichloro-4-hydroxy-5-nitro-, and 1-amino-4: 5-dichloro-2-hydroxy- 
benzene described have minimum absorption in paraffin paste at ca. 12-1 wu, with maxima 
towards shorter and longer wavelengths, while 1 : 2-dichloro-4-nitrobenzene, examined 
for comparison, had a very strong absorption maxima at 12-11 yu. 


EXPERIMENTAL 
2: 4-Diamino-1-methyl-1 ; 3: 6-benzotriazepine (II; R = H, R’ = Me).—N-Methyl-o-nitro 
aniline (2.02 g.) was hydrogenated over Raney nickel in methanol (20 ml.) to the diamine, 
filtered into concentrated hydrochloric acid (1:32 ml.), and added to sodium dicyanimide 
(1-17 g.) in water (5 ml.). Most of the methanol evaporated after boiling on a steam-bath for 
1 hr., and the residual suspension of a black oil was treated with methanolic picric acid (6-0 g., 
20 mol.) The benzotriazepine dipicrate (5-9 g., 68%) rapidly separated and crystallised from 
methanol (charcoal) in yellow needles, m. p. 216—-217° (decomp.) (Found: C, 39-1; H, 2-8; 
N, 23-1. CyH,,N,,2C,H,O,N, requires C, 38-9; H, 2-6; N, 23-8%). Decomposition of the 
dipicrate in hot 2-ethoxyethanol solution with alcoholic sulphuric acid gave the sulphate, pre- 
cipitated by ether. After being washed with ether (to remove picric acid) this separated from 
ujueous ethanol in colourless needles, m. p. 252° (decomp., after softening at ~230°) (Found : 
©, 33-8; H, 6-8; N, 22-2; S, 95. C,H,,N,,H,SO,,2H,O requires C, 33-4; H, 6-3; N, 21-7; 
S, 99%) 
rhe sulphate (0-2 g.), suspended in sulphuric acid (0-063 ml.; d 1-84) in water (2 ml.), was 
* Stubbs and Williams, Biochem, J., 1947, 41, xlix. 
* Smith, Kane, and Mason, J]. Amer. Chem. Soc., 1929, 61, 2522. 
Nagano, Itoh, and Matsumura, /. Amer. Chem. Soc., 1053, 76, 2770 
Roberts and Khys., /., 1937, 41 
Theilacker, Ber., 1938, 71, 2065 
Vieser and Thompson, ]. Amer. Chem, Soc., 1939, 61, 382 
Kuhn, Weygand, and Moller, Ber., 1943, 76, 1044. 
'* Williams, Rev. Set. Instr., 1048, 19, 136 
' Thompson, J., 1948, 328. 
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treated with 10% aqueous sodium nitrite (0-86 ml.). No visible reaction took place in 2 hr. 
at room temperature and a sample gave no colour with alkaline §-naphthol. When heated to 
90° the solid dissolved and after 1 hr. aqueous sodium picrate (0-32 g.) was added. The original 
benzepine dipicrate (0-28 g., 70%), m. p. and mixed m. p. 216—217° (decomp.), was precipitated 

2 : 4-Diamino-7-chlovo-1 : 3: 5-bensotriazepine (11; R = Cl, R’ = H).—The bensotriasepine 
monopicrate (4-05 g., 79%) was similarly prepared from 5-chloro-2-nitroaniline (2-02 g.), con- 
centrated hydrochloric acid (1:17 ml.), sodium dicyanimide (1-04 g.), and picric acid (2-7 g.) 
and crystallised from methanol in short yellow needles, m. p. 263--264° (Found: C, 38-6; 
H, 2-5; Cl, 8&3. C,H,N,C1,C,H,O,N, requires C, 38-3; H, 2:5; Cl, 81%). The hemisulphate 
hemihydrate, prepared from the picrate as above, separated from a large volume of water in colour- 
less needles, m. p. 274° (decomp.) (Found: C, 36-0; H, 41; S, 60. C,H,N,Cl,4H,SO,,4H,O 
requires C, 35-9; H, 3-7; S, 60%). / 

2 : 4-Diamino-8-chloro-1-ethyl-1 : 3: 5-benzotriazepine (Il; R Cl, R’ Et).—-The denzo- 
triazepine dipicrate (3-8 g., 58%) was similarly prepared from 5-chloro-N-ethyl-2-nitroaniline 
(1-90 g.), hydrochloric acid (0-95 ml.), sodium dicyanimide (0-85 g.), and picric acid (4-6 g.) and 
separated from aqueous methanol in irregular yellow prisms, m. p, 195-—-196° (decomp., with 
sintering at ~190°) (Found; C, 38-1; H, 2-9. C,,H,,N,Cl,2C,H,O,N, requires C, 37-8; 
H, 2-6%). The hydrated sulphate, obtained as before, separated from aqueous ethanol in 
colourless needles, m. p. 107—-115° (with loss of solvent; after resolidification the colourless 
residue decomposed at ~170-—180°) [Found : loss on drying at 100° in vaewo, 11-9; on dried 
material: S, 10-3. Cy gH, ,N,;Cl,H,SO,,2)H,O requires loss (to anhydrous material) 11-8; 5S 
(anhyd.) 9-5%). 

2 : 4-Diamino-8-chloro-1-isopropyl-1 ; 3: 5-benzotriazepine (II; RK Cl, R’ = Pr'),—The 
benzotriazepine dipicrate (17-2 g., 81%) was obtained as before from 5-chloro-2-nitro-N-dso- 
propylaniline (6-4 g.), hydrochloric acid (3-0 ml.), sodium dicyanimide (2-66 g.), and picrie acid 
(14-5 g.), and separated from ethanol as the solvate in thin yellow prisms, m. p, 208-—~210° 
(decomp. after sintering at ~180°) (Found: C, 39-7, 40-1; H, 3-4, 3-3; N, 200; Cl, 49. 
C,,H,,N ,CL,2C,H,0,N,,C,HyOH requires C, 39-7; H, 3-3; N, 20-4; Cl, 47%), Decomposition 
in 2-ethoxyethanol was unsatisfactory owing to the insolubility of the dipicrate, but its (11-7 g.) 
solution in hot cyclohexanol (30 ml.) with concentrated sulphuric acid (6-0 m1.) in ethanol (20 ml.) 
followed by ether gave the sulphate (5-0 g., 86%) which was washed with ether and separated 
from aqueous ethanol in colourless plates, m. p. 175--177° (decomp.) (Found: C, 382; H, 4-6; 
5S, 89. C,,H,,N,ClH,SO, requires C, 37-8; H, 4:6; S, 9-2%) 

5-Chlovo-N-ethyl-2-nitroaniline.—2 : 4-Dichloro-|l-nitrobenzene (5-0 g.), ethylamine hydro 
chloride (4-3 g.), sodium hydroxide (2-1 g.), ethanol (10 ml.), and water (10 ml.) were slowly 
heated to 200° (5 hr.) in a sealed tube. The product was washed out with a little ethanol and 
diluted with water, and the amine collected. It separated from aqueous methanol in yellow 
prisms, m, p. 83° (4-2 g., 80%). This amine, prepared by other methods, is reported to have % 4 
m. p. 83—84° and 75-5—76-6°. 

5-Chloro-2-nilro-N-isopropylaniline.-2 : 4-Dichloro-1-nitrobenzene (8-4 g.), tsopropylamine 
(5-2 g.), and ethanol (20 ml.) were heated at 200° for 6 hr. in a sealed tube. The aniline (8-3 g., 
88°%,) was isolated as above, and separated from aqueous methanol (charcoal) in thin yellow 
needles, m. p. 50-—51° (Found: C, 50-2; H, 5-5. C,H,,O,N,Cl requires C, 60-3; H, 5-1%). 

2-Cuanidino-1-methylbenziminazole.—N -Methyl|-o-nitroaniline (4-0 g.) was hydrogenated to 
the diamine in ethanol (20 ml.) over Raney nickel and filtered into a mixture of concentrated 
hydrochloric acid (6-3 ml.), dicyandiamide (2-3 g.), and water (20 ml.), The mixture was 
refluxed (1 hr.) and methanolic picric acid (12-0 g., 2 mol.) added. The benziminazole monopicrate 
separated, and crystallised from ethanol (charcoal) in orange-yellow prisms, m. p. 193-—-195° 
(Found: C, 43-3; H, 3-3; N, 26-0. C,H,,N,,C,H,O,N, requires C, 43-1; H, 3-3; N, 26-8%). 

2-Guanidino-5-methoxybenzoxazole (Il; R = R” « H, KR’ = OMe).--2-Amino-4-methoxy 
phenol (0-52 g.), ethanol (2 ml.), and hydrochloric acid (0-5 ml.; d 1-16) were heated to boiling, 
dicyandiamide (0-42 g.) added, and the whole heated under reflux for 2 hr. Water was added 
and the precipitate (0-7 g.) collected, dissolved in boiling water (30 ml.), and basified with 
aqueous sodium hydroxide. The benzoxazole was precipitated, and crystallisation from water 
gave colourless needles, m. p. 214° (0-4 g., 45%) (Found: C, 62-5; H, 40; N, 27-2. C,H yO,N, 
requires C, 52-5; H, 60; N, 26-7%). The picrate separated from aqueous ethanol in the smal! 
yellow needles of the trihydrate, m. p. 220° (Found C, 369; H, 42: WN, 20-2. 
CyH,,O,N,,CgH,O,N, requires C, 36-8; H, 3-9; N, 201%). 

 Laubenheimer, Ber,, 1878, 11, 1156. 

'* Stoermer and Hoffmann, Ber., 1898, $1, 2633 
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6-Chlovo-2-guanidinobenzoxazole (111; R = Cl, R’ = R” = H).—This was prepared similarly 
from 2-amino-5-chlorophenol (0-28 g.), ethanol (2 ml.), hydrochloric acid (0-2 ml.), and dicyandi- 
amide (0-16 g.), and crystallisation from water (charcoal) gave small colourless needles of the 
monohydrate, m. p. 202° (Found: C, 42:3; H, 40; Cl, 15-4. C,H,ON,CI,H,O requires C, 42-1; 
H, 3-9; Cl, 15-5%). The base sublimed at 120° in vacuo, but lost most of its water when dried 
on @ steam-bath (1 hr.) and then over phosphoric oxide (Found: C, 46-1; H, 3-6. C,H,ON,Cl 
requires C, 456; H, 33%). The picrate separated from water in small yellow needles, m. p 
265° (decomp,) (Found: N, 21-3. C,H,ON,CI,C,H,O,N, requires N, 21-5%), 

5 : 6-Dichloro-2-guanidinobenzoxazole (II1; K = R’ = Cl, R” = H)—-This was similarly 
prepared from 2-amino-4 ; 5-dichlorophenol (0-54 g.), water (5 ml.), hydrochloric acid (0-5 ml.), 
and dicyandiamide (0-42 g). A precipitate was formed after 15 minutes’ refluxing, which was 
then continued only for a further 30 min. The benzoxazole, isolated as before, separated from 
aqueous ethanol in colourless needles (0-3 g.), m. p. 250° (Found: C, 39-4; H, 2-5. C,HgON,Cl, 
requires C, 39-2; H, 2-6%). 

2-N*-isoPropylguanidinobenzoxazole (IIL; R = R’ «~ H, R” = Pr').—2-Aminophenol (0-5 g.), 
water (2 ml.), and hydrochloric acid (0-5 ml.) were heated to boiling and isopropyldicyandiamide 
(0-62 g.) added, After refluxing (2 hr.) the mixture was cooled and basified and the aqueous 
layer decanted, The residual gum was warmed with water (10 ml.) and hydrochloric acid 
(0-6 ml.) until it dissolved, The benzoxazole hydrochloride (0-3 g.) was precipitated on cooling 
and separated from water, containing a trace of hydrochloric acid, in small colourless needles, 
m. p. 100° (Found: C, 46-7; H, 66; Cl, 13-6. C,,H,,ON,Cl,2H,0 requires C, 45-4; H, 6-5; 
Cl, 13-3%,). The free base, obtained with aqueous alkali, separated from aqueous ethanol in 
prisms, m, p. 171° (Found: C, 60-9; H, 64. C,,H,,ON, requires C, 60-5; H, 64%). The 
picrate, yellow needles from 50%, aqueous ethanol, had m. p, 202° (Found: C, 45-7; H, 3-8 
N, 21-8, Cy,H,,OgN, requires C, 45-8; H, 3-0; N, 22-0%). 

5- Methoxy-2-(N*-isopropylguanidino)benzoxazole (III; R =H, R’ = OMe, R” = Pr') 
This was similarly prepared from 2-amino-4-methoxyphenol (0-52 g.), water (2 ml.), hydrochlori 
acid (0-5 ml,), and isopropyldicyandiamide (0-52 g.). The hydrochloride (0-4 g.) separated from 
water containing a trace of hydrochloric acid as colourless needles, m. p. 216° (Found: C, 50-9; 
H, 60; N, 192. C,,H,,O,N,,HCI reauires C, 50-6; H, 60; N, 196%). The picrate 
separated from aqueous ethanol in yellow needles, m, p. 204° (Found; C, 45-5; H, 3-9; N, 19-8 
Cygll yO yN, requires C, 45-3; H, 3-9; N, 20-56%). 

6-Chloro-2-(N*-isopropylguanidino)benzoxazole (II1; Re Cl, KR’ =H, R” = Pr').—2 
Amino-5-chlorophenol (10-0 g.), isopropyidicyandiamide (10-6 g.), water (50 ml.), and hydro 
chloric acid (7-3 ml.; d 1-16) were refluxed (40 min.) and diluted with water (180 ml.), The 
precipitated oil solidified on seeding and crystallisation from water (150 ml.)—ethanol (100 m1.), 
with charcoal, gave the crude benzoxazole (2:3 g., m. p. 178-—-179°). It separated from aqueous 
ethanol in colourless prisms, m. p. 184° (Found; C, 52-3, 52-4; H, 5-1, 5-3; Cl, 14-8. C,,H,ON,CI 
requires C, 62-3; H, 61; Cl, 141%). The picrate separated from ethanol in yellow plates, 
m. p. 265° (decomp.) (Found: C, 42-2; H, 3-3; N, 20-2. C,,H,,O,N,Cl requires C, 42-4; 
H, 33; N, 204%). Successive evaporation of the filtrate from this benzoxazole at room 
temperature gave a series of precipitates, the m. p.’s of which descended to ca, 140° before rising 
again. The last fraction (0-53 g.), m. p. 170--174°, after five crystallisations from ethanol, 
gave 2-amino-6-chlorobenzoxazole, m. p, 182—-183°, mixed m, p, 183-—184°, and mixed m. p 
with the oxazole (III; R Ci, R’ H, R” « Pr') 144—-150°. 

In some early experiments when the reaction mixture was refluxed for 2 hr. the dark oil 
which separated did not crystallise. It gave a crystalline picrate with ethanolic picric acid, 
and crystallisation from ethanol gave small yellow needles, m, p. and mixed m, p, 219”, of 
2-amino-6-chlorobenzoxaszole picrate (Found ; C, 39-7; H, 2-3; N, 16-8, C,,H,O,N,Cl requires 
C, 392; H, 20; N, 176%). This picrate was dissolved in 2-ethoxyethanol and treated 
with n-propanolic hydrogen chloride followed by dry ether, The corresponding hydrochloride 
was precipitated, and was obtained as a colourless solid, m, p. 208°, by reprecipitation from 
propanol by ether (Found: C, 40-7; H, 3-1; N, 12-7, C,H,ON,CI, requires C, 40-9; H, 2-9; 
N, 13-6%). The free base separated from aqueous ethanol in colourless prisms, m. p. and 
mixed m. p. 184° (Found: C, 49-9; H, 2-9. C,H,ON,CI requires C, 49-9; H, 3-0%). 

2-Amino-6-chlorobenzoxazole,—2-Amino-5-chlorophenol (1-44 g.) in ethanol (5 ml.) was added 
to cyanogen bromide (1-06 g.); the mixture darkened and became warm. After 2 days at room 
temperature warm water was added to dissolve the crystalline precipitate, followed by aqueous 
sodium hydroxide, 2-Amino-6-chlorobenzoxazole (1-40 g., 83°/,) was precipitated and separated 
from aqueous ethanol in pale yellow rhombs, m, p. 184° (Found; C, 50-0; H, 3-0; N, 158%), 
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depressed to ~145° on admixture with 6-chloro-2-(N*-isopropylguanidino)benzoxazole. The 
picrate, yellow needles from aqueous ethanol, had m. p. 219° (Found: C, 301; H, 2-1%). 

m-Chlorophenol.—m-Chloroaniline (161 g.) was diazotised according to Fieser and Thompson's 
method ” and the solution added dropwise to a mixture of water (520 ml.), sulphuric acid (540 ml. ; 
d 1-84), and copper sulphate pentahydrate (150 ¢) that was being steam-distilled. The 
temperature of the diazotised solution was kept below 5° until immediately before the addition. 
Extraction of the distillate (5—6 1) with ether, followed by distillation, gave the phenol 
(70—75% yield), b. p. 210-—214°, deliquescent yellow needles, m. p, 31-—~32°, 

1 : 2-Dichlovo-4 : 5-dinitrobenzene.—This was prepared according to Turner and Le Févre's 
method * and the crude product crystallised twice from glacial acetic acid-water (4-5: 1 by 
volume), The product separated in colourless plates, m. p. 110°, and showed the following 
absorption maxima in the 11—13 p region: 11-10, 11-34, 11-73, and 12-77 u. 

4 : 5-Dichlovo-2-nitrophenol,—1 : 2-Dichloro-4 : 5-dinitrobenzene (1-2 g.) was refluxed with 
sodium hydroxide (0-4 g.) in water for 5 hr. Acidification of the deep red solution precipitated 
the nitrophenol (1-0 g.) which crystallised from aqueous ethanol as yellow prisms, m. p. 68° 
(Found: C, 34-9; H, 1-6; N, 6-8; Cl, 33-9. C,H,O,NCI, requires C, 34-6; H, 1-4; N, 6-7; 
Cl, 34:0%). Its infrared absorption spectra showed maxima at 11-20, 11-41, 11-64, 11-85, and 
13-17 u. Woolley and Pringle report m. p. 70—71° but give no preparative details. 

2-Amino-4 : 5-dichlorophenol.—Sodium dithionite (16 g.) in water (560 ml.) was added gradually 
with shaking to 4: 5-dichloro-2-nitrophenol (4-2 g.) in hot water (20 ml.) and ethanol (50 ml.). 
The ethanol was distilled off and, on cooling, the aminophenol (3-0 g., 84%) was precipitated. 
Crystallisation from water gave colourless needles, m. p. 171—-172° (Found: C, 40-5; H, 3-0; 
N, 7-7; Cl, 39-4. Cale. for C,H,ON,Cl,: C, 40-4; H, 2-8; N, 7-9; Cl, 39-09%). Its infrared 
absorption spectra showed maxima at 11-13, 11-55, 11-64, and 12-524. Woolley and Pringle 
give m, p. 174—-175° and used the less convenient reduction by tin and hydrochloric acid, 

3: 4-Dichloronitrobenzene.—This was prepared from o-dichlorobenzene and had m, p. 42 
It showed infrared absorption maxima at 11-31, 12-11, 12-56, and 12-97 u 


_ 
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924. Several Quinoxalines of Biological Intereat. 
By R. M. Acheson, 


Some quinoxaline analogues of pteroic and pteroylglutamic acid have 
been synthesised. One of these had a smal! growth-inhibitory effect on Lacto- 
bacillus casei, prevented by pteroylglutamic acid, 2:6: 7-Trichloro 
quinoxaline has been prepared and condensed with two amines, but the 
products had no activity against P/asmodium gallinaceum, 


A NUMBER of analogues of the growth factors, pteroic and pteroylglutamic acid, have 
already been prepared! and examined biologically. 4-(2-Quinoxalinylearbonylamino) 
benzoylglutamic acid * was a pteroylglutamic acid antagonist only with Lb. casei. 
rhis, the similarity between the quinoxaline and the pteridine ring system, and the 
report * that the growth of Streptococcus lactis R., inhibited by quinoxaline, is restored by 
excess of pteroylglutamic acid, made it desirable to examine more analogues of pteroic and 
pteroylglutamic acid. 

1 Acheson, King, and Spensley, /., 1949, 1401, give a summary of earlier literature; see also Pahren 
bach, Collins, Hultquist, and Smith, /, Amer. Che 1954, 76, 4006, and preceding papers 


* Woolley and Pringle, J. Biol. Chem., 1948, 174, 327 
af Hall, Biochem ] , 1946, 40, xlii 
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p-2’-Quinoxalinylaminobenzoic acid (I) was obtained in good yield from 2-chloro- 
quinoxaline and p-aminobenzoic acid in n-propanol; a subsequent note * suggests that 
none of this product could be obtained from the two reactants under a variety of conditions. 
The compound did not, however, appreciably affect the growth of S. lactis R. 2-Chloro- 
quinoxaline also combined with ethyl p-aminobenzoyl-(—)-glutamate, but not with the 
acid, to give the corresponding 2-aminoquinoxaline. Hydrolysis gave p-2’-quinoxalinyl- 
iminobenzoyl-(~)-glutamiec acid which had a small growth-inhibitory effect on Lb. caset, 
prevented by pteroylglutamic acid. 


N_ N 
. a CT 5 Dake 
—_ > CO.H 

N > 2 ~ ni 


(I) (Ij; ReH (IIT); RE 


“as 


rhe preparation of p-2’-quinoxalinylmethylaminobenzoic acid (II) was next attempted, 
and for this it was hoped to prepare 2-bromomethylquinoxaline. Although bromination 
of 2-methylquinoxaline © to tribromomethylquinoxaline * was easy attempts to reduce this 
compound or to stop the bromination at the monosubstitution stage were unsuccessful. 
Hydroxyiminoacetoacetic ester and o-phenylenediamine gave a mixture of 2-methyl- 
benziminazole and 2-hydroxy-3-methylquinoxaline. Disodium ditoluene-p-sulphony! 
o-phenylenediamine and 1 ; 2-dibromopropanol gave the expected condensate, hydrolysed 
to 1: 2:3: 4-tetrahydro-2-hydroxymethylquinoxaline. The yields obtainable in the 
last stage were so variable that this approach was abandoned; also oxidation of this 
quinoxaline with potassium ferricyanide gave only quinoxaline itself, 

(uinoxaline-2-aldehyde reacted with p-aminobenzoic acid, or its ethyl ester, to give the 
anils, subsequently prepared 7 * by less convenient procedures. In spite of Kjaer’s failure? 
to reduce these anils that from the ester was hydrogenated over Adams catalyst to ethyl 
p-2’-quinoxalinylmethylaminobenzoate (II1); the analogous reduction of the acid anil to 
the acid (II) has been described.* «-Bromo-$-4-ethoxycarbonylanilinoacraldehyde 
was now obtained from the corresponding 4-ethoxycarbonylanil hydrobromide by 
hydrolysis, but all attempts to condense it with o-phenylenediamine gave black tars. 
8--thoxycarbonylanilino-«-nitroacraldehyde, from ethyl ~-aminobenzoate and_nitro- 
odiomalondialdehyde, condensed as expected with o-phenylenediamine to give 3-nitro 
6: 7-benzo-1 : 5-diazepine, which was also obtained directly from o-phenylenediamine and 
the nitromalondialdehyde. 

2-(2-Dicthylaminoethyl)-* and 2-(3-diethylaminopropy]!)- ® aminoquinoxalines and their 
6: 7-dichloro-derivatives were found inactive against P. gallinaceum in chicks. The 
analytical data given ® for the first two quinoxalines suggest that they were hemihydrates ; 
the anhydrous compounds are now described, 2 ; 6 ; 7-Trichloroquinoxaline, which yielded 
the corresponding 2-aminoquinoxalines from the appropriate amines, was prepared from 
|. 2-diamino-4 ; 5-dichlorobenzene by a four-stage synthesis. 


EXPERIMENTAL 
p- 2’-Ouinoxalinylaminobensoic Acid.-p-Aminobenzoic acid (0-69 g.) and 2-chloroquinoxaline 
(0-82 g.) were refluxed in m-propanol (6 m1.) for 2 hr,; a yellow powder (1-12 g.) then separated 
and was crystallised from nitrobenzene forming yellow needles. The acid was purified by 
precipitation from aqueous sodium carbonate by dilute hydrochloric acid, and had m, p. 344 
345° (decomp.) (Found, after drying at 150° in vacuo: C, 66-3, 66-6; H, 4-4, 45; N, 15-5. 


‘ Drumheller and Schultz, J]. Amer. Chem. Soc., 1955, 77, 6637. 
Lorsche and Doller, Annalen, 1038, §37, 39 

* Kennett and Willis, /., 1928, 1960, 
Kjaer, Acta Chem. Scand., 1948, 2, 455 

* Leese and Rydon, ] ° 1955, 303 

* Crowther, Curd, Davey, and Stacey, /., 1949, 1260 
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Cale. for C,,H,,O,N,,3H,O: C, 66-6; H, 4:3; N, 156%). Drumheller and Schultz * give 
m. p. 340° but no analyses. 

Ethyl p-2’-Quinoxalinylaminobenzoyl-(— )-glutamate.— 2-Chloroquinoxaline (0-6 g.) and ethyl 
p-aminobenzoyl-(—)-glutamate (1-18 g.) were refluxed in ethanol (5 ml.) for 4hr. The brown 
precipitate (1-3 g., 79%) was crystallised from ethanol (charcoal) giving the quinowxaline as 
yellow-brown needles, m. p. ° (Found, after drying at 116°/0:'5 mm.:; C, 640; H, 5-5; 
N, 12-2. Cy H,,O,N, requires C, 64-0; N, 5-8; N, 124%) 

p-2’ -Quinoxalinylaminobensoyl- (—)-glutamic acid, ‘The ester (0-72 g.) in ethanol (12 ml.) was 
kept with sodium hydroxide (0-24 g.) in water (2 ml.) at 20° for 90 min. The precipitated 
sodium salt was dissolved in water and acidified, giving the acid which was purified by dis- 
solution in aqueous sodium hydrogen carbonate. Treatment with charcoal and precipitation 
from the boiling solution by dilute hydrochloric acid gave a yellow-brown powder (0-54 g., 
86%), m. p. 262° (decomp.) (Found, after drying at 116°/15 mm.: C, 59-6; H, 45; N, 14-0. 
Cagl, ,OsNy4H,0 requires C, 59-6; H, 4-7; N, 13-09%) 

NN’-Ditoluene-p-sulphonyl-o-phenylenediamine.-A mixture of toluene-p-sulphonyl chloride 
(59 g.), o-phenylenediamine (15 g.), and pyridine (75 ml.) was heated on a water-bath for 1 hr. and 
then poured into water (1 1.), and the precipitate collected. Crystallisation from ethanol gave 
the derivative as prisins (46-2 g.), m. p. 204° (Lit.” gives m. p. 201—-202°). 

1: 2:3: 4-Tetrahydro-2-hydroxymethyl-1 : 4 - ditoluene - p - sulphonylquinoxaline,—-Ditoluene- 
p-sulphony]-o-phenylenediamine (88-2 g.) and 2: 3-dibromopropanol (46-25 g.) in ethanol 
(200 ml.) were successively added to a solution from sodium (9-75 g.) and ethanol (11). After 
refluxing for 6 hr. the solvent was removed and the residual sticky solid washed with water and 
dried. It was then refluxed with benzene (100 ml.), and after cooling the residue was collected 
and dissolved in boiling ethanol (11.). On cooling the quinoxaline (44-5 g.) separated in prisms, 
m. p. 193° (Found: C, 58-1; H, 5-3; N, 5-7; S, 13-2. C,,H,,O,N,S, requires C, 58-4; H, 5-1; 
N, 5-9; S, 13-56%). 

1: 2:3: 4-Tetrahydro-2-hydroxymethylquinoxaline.-The above derivative (5-08 g,) was 
dissolved in concentrated sulphuric acid (50 ml.) containing water (0-56 ml.). After 2 days in 
the warm the solution was poured on ice, basified, and repeatedly extracted with chloroform. 
Evaporation of the dried extracts gave the tetrahydroquinoxaline (1-38 g., 84%), prisms (from 
ethanol), m. p. 140—141° (Found: C, 65-7; H, 7-3; N, 16-5. C,H,,ON, requires C, 65-8; 
H, 7:3; N, 17-1%). The picrate separated from water containing a trace of ethanol in yellow 
prisms, m. p. 179---180° (decomp.) (Found: C, 45:3; H, 4:1. Cy ,H,,O,N, requires C, 45-6; 
H, 38%). The high yield reported here could never be reproduced. More dilute sulphuric 
acid failed to produce complete hydrolysis, and increased reaction time gave much lower yields, 
probably due to sulphonation. Concentrated hydrochloric acid at 170° for 9 hr. gave 46% of 
the hydroxymethylquinoxaline, m. p, and mixed m. p. 140°. 

Potassium ferricyanide (4-8 g.) in water (20 ml.) was added to a solution of the quinoxaline 
(0-56 g.) and sodium hydroxide (0-7 g.) in water (20 ml.). After 30 min. the solution was filtered 
and extracted 7 times with chloroform, Evaporation gave a black tar (0-1 g.), from which 
some quinoxaline, b. p. 130°/10 mm., m. p. 26°, was obtained (Found: C, 73-4; H, 4:8; N, 21-4. 
Calc. for C,H,N,: C, 73-8; H, 4-6; N, 21-56%). Hinsberg " gives m. p. 27°. 

Methyl Quiroxaline-2-orthocarboxylate.—2-Tribromomethylquinoxaline (5-6 g.) was added to 
methanolic sodium muthoxide [from sodium (1-2 g.) and methanol (30 ml,)} and the mixture 
refluxed for 4); hr. ‘The solvent was removed in vacuo; the residual ortho-ester, which solidified 
on addition of water, separated from methanol in hair-needles, m. p. 63—-65° (Found: C, 61:8; 
H, 6-0; N, 11-7. Cy,HO,N, requires C, 61-5; H, 6-0; N, 12-0%). 

Reaction of Ethyl Hydroxyiminoacetoacetate with o-Phenylenediamine.-(i) The ester (3-2 g.), 
the diamine (2-16 g.), and acetic acid (1-14 ml.) were refluxed in ethanol (10 ml.) for hr. On 
cooling, a pale yellow solid (0-25 g., 8%) separated. The filtrate was basified, and the precipit- 
ated oil collected with ether and converted into the picrate. 2-Methylbenziminazole picrate 
(1-8 g., 25%) was obtained, m. p. and mixed ™ m. p, 211—212° (Found: C, 46-2; H, 3-3. 
Cale. for CyH,,O,N,: C, 465; H, 3-0%). The pale yellow solid was soluble in aqueous 
sodium hydroxide, but not in sodium carbonate solution; crystallisation from ethanol gave 
2-hydroxy-3-methylquinoxaline, m. p. 245° (Found: C, 67-2; H, 48; N, 17-6. Calc. for 
C,H,ON,: C, 67-5; H, 5-0; N, 17-56%). Lit.” gives m. p. 245”, 


'* Reverdin and Crepieux, Ber., 1902, 35, 314. 

'' Hinsberg, Ber., 1884, 17, 320. 

'* King and Acheson, J., 1949, 1396. 

 Ruhemann and Stapleton, , 1900, 249. 
7P 
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(ii) The diamine dihydrochloride (1-81 g.) and the ester (1-59 g.) in ethanol (15 ml.) were 
refluxed for 3 hr. Very little material was precipitated on neutralisation, but picric acid gave 
2-methylbenziminazole picrate (1-4 g., 39%), m. p. and mixed m. p. 211—-212°. 

(iii) Refluxing the diamine (1-08 g.), the ester (1-59 g.), and ethanol (7 ml.) for 9 hr. gave 
2-hydroxy-3-methylquinoxaline (0-5 g., 31%) and 2-methylbenziminazole [isolated as the 
picrate (1-2 g., 38%)]. 

Anils from Quinoxaline-2-aldehyde.—(i) The aldehyde (0-4 g.) and p-aminobenzoic acid 
(0-4 g.) were heated at 100° in dioxan (5 ml.) for Lhr. The anil rapidly separated as yellow 
needles (0-72 g., 89%), which were crystallised from dioxan; the anil had m. p. 286-——-287 
(decomp.) (Found: C, 69-6; H, 42; N, 149. Cale. for C,,H,,O,N,: C, 69-3; H, 4-0; 
N, 15-2%). Lit.’ gives m. p. 285°. It reacted immediately with 2 : 4-dinitrophenylhydrazine 
in 2n-hydrochloric acid, and nothing homogeneous could be isolated from attempts to reduce 
it with sodium amalgam, or with hydrogen over Raney nickel, or palladised charcoal in alkaline 
solution; hydrogen over Adams catalyst is successful.* 

(ii) The aldehyde (1-9 g.) and ethyl p-aminobenzoate (2-0 g.) were refluxed in dioxan (10 ml.) 
for 3 hr., the solution was cooled and water added. The anil (3-01 g., 82%) separated from 
aqueous dioxan in very pale yellow needles, m. p. 139° (Found: C, 71-0; H, 48; N, 13-6 
Cale, for Cy,H,,O,N,: C, 70-8; H, 49; N, 13-8%). Lit.’ gives m. p. 139°. 

Lthyl p-2-Quinoxalinylmethylaminobenzoate.-The last anil (0-527 g.) in dioxan (15 ml.) was 
hydrogenated at room temperature and pressure over Adams catalyst until the absorption 
equivalent to one double bond had taken place. Further absorption occurred if permitted. 
Ihe dark brown solution was filtered and evaporated to dryness in vacuo, Treatment of the 
residual tar with ethanol gave the secondary amine (0-188 g., 35%) which was washed with 
ethanol; it separated from pyridine in prisms, m, p. 229—~232° (slight decomp.) (Found : 
C, 70-0; H, 63; N, 13-38%; M, 205. C,y,H,,O,N, requires C, 70-4; H, 55; N, 13-7%; M, 
307). It was almost insoluble in boiling ethanol, water, and N-aqueous hydrochloric acid, 
but dissolved in warm aqueous 3-—-4n-hydrochloric acid, and did not react with 2: 4-dinitro 
phenylhydrazine. It gave a dark blue solid with concentrated hydrochloric acid and a dark 
purple solution in concentrated sulphuric acid which gave a purple precipitate on dilution with 
water. The original anil was not affected by hydrogen and palladised charcoal, but with 
Raney nickel in dioxan at room temperature and pressure absorption ceased when 36% of that 
required to saturate one double bond had been adsorbed, and a 33%, yield of the secondary 
amine was obtained 

1-Bromo-6-4-ethoxycarbonylanilinoacraldehyde 4-Ethoxycarbonylanil,—-Ethyl p-amino 
henzoate (7-5 g.) and a8-dibromo-$-formylacrylic acid (5-9 g.) were boiled in ethanol (40 m1.) 
for 20 min. Next day the orange-red precipitate (7-9 g., 62%) was crystallised from aqueous 
ethanol, giving the anil hydrobromide dihydrate as yellow needles, m. p. 249--250° (decomp.) 
(Found: C, 449; H, 45; N, 49. C,,H,,O,N,Br,HBr,2H,O requires C, 448; H, 46; 
N, 50% 

a-Bromo-(3-4-ethoxycarbonylanilinoacraldehyde rhe hydrobromide (9-7 g.) was refluxed 
with water (1-5 1.) for 45 min. Next day the yellow precipitate (5-1 g., 99%) was crystallised 
from ethanol giving the acraldehyde in needles, m, p. 159-—-160° (Found; C, 48-0; H, 3-8. 
CygH,,0,NBr requires C, 48:3; H, 40%). All attempts to condense this compound with 
o-phenylenediamine in boiling ethanol alone, or in the presence of sodium carbonate or one or 
two mol, of hydrochloric acid, or in ethylene glycol at 140°, gave intractable black tars. 

6-4-Ethoxycarbonylanilino-a-nitroacraldehyde.—-A suspension of sodium nitromalondialdeh yde 
(1-39 @.) in water (5 ml.) was added to ethyl p-aminobenzoate (1-65 g.) in water (10 ml.) and 
concentrated hydrochloric acid (1 ml.). After a few minutes on a steam-bath the yellow 
wcraldchyde was collected (2-5 g., 95%); it separated from ethanol in needles or prisms, m, p 
158-—-159° (Found: C, 54-9; H, 4:7; N, 10-4. C,,H,,O,N, requires C, 54-5; H, 45; N, 10-6%) 

3-Nitro-6 : 7-benso-1 : 5-diazepine.(i) The above anil (0-88 g.) and o-phenylenediamine 
(0:36 g.) were refluxed in ethanol (5 ml.). A red solid was precipitated and, after the addition of 
more ethanol (15 ml), heating was continued for 1 hr. The red benzodiazepine (0-51 g., 81%) 
was collected and ethyl p-aminobenzoate (0-37 g., 67%) recovered from the filtrate. The 
benzodiazepine was practically insoluble in dilute acids or alkalis and the usual common solvents. 
It dissolved in concentrated sulphuric acid to a yellow solution which charred when heated 
and it separated from quinoline, the only effective solvent, in dark red prisms which did not 
melt nor discolour at 360° (Found, after drying at 144° im vacuo over P,O,: C, 57-1; H, 3-5; 
N, 22-2. C,H,O,N, requires C, 57:1; H, 3-8; N, 22:2%). 

(ti) Sodium nitromalondialdehyde (0-32 g.), o-phenylenediamine (0-25 g.), concentrated 
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hydrochloric acid (0-25 ml.), and water (6 ml.) were heated for 30 min. on a steam-bath, The 
yellow precipitate rapidly became red (0-31 g., 71%) and had the same properties as 
the benzodiazepine described above (Found : C, 57-4; H, 3-6%) 

Ethyl 6: 1-Dichloro-2-hydroxyquinoxaline-3-carboxylate.—1 ; 2-Dichloro-4 ; 5-dinitrobenzene 
(4-74 g.) was hydrogenated in ethanol (30 ml.) over Raney nickel until the theoretical absorption 
for two nitro-groups had taken place. The mixture, without filtration as the diamine oxidised 
very rapidly in air, was poured into boiling ethanol (20 ml.) containing ethyl mesoxalate (3-8 g.) 
and refluxing was continued for 45 min. The mixture was treated with charcoal and filtered 
whilst hot. Crystallisation of the product (3-7 g.) from ethyl acetate gave the ester as pale 
green needles, m. p. 230° (Found: C, 46-1; H, 2-0; N, 98; Cl, 24-8. C,,H,O,N,Cl, requires 
C, 46-0; H, 28; N, 98; Cl, 247%). 

6 : 7-Dichloro-2-hydroxyquinoxaline-3-carboxylic Acid.—The ester (5-1 g.) was heated on a 
steam-bath with 2n-sodium hydroxide for 1 hr., water (50 ml.) was added, and the mixture 
was boiled and filtered into concentrated hydrochloric acid (50 ml.), The guinoxalinecarboxylic 
acid (4-5 g.) separated from ethanol in yellow needles, m. p. 340° (decomp,) (Found; C, 41-9; 
H, 1-5; Cl, 27-2. C,H,O,N,Cl, requires C, 41-7; H, 1:5; Cl, 27-4%). 

6 : 7-Dichloro-2-hydroxyquinoxaline.—The acid (6-1 g.) was refluxed in nitrobenzene (60 ml.) 
until carbon dioxide was no longer evolved. After cooling light petroleum (200 ml.; b. p. 
60—80°) was added and the quinoxaline (4-95 g.) then precipitated, It was washed with light 
petroleum and crystallised from n-propanol forming prisms, m. p. 343° (decomp.} (Found 
C, 44:5; H, 19. C,H,ON,Cl, requires C, 44-7; H, 19%) 

2:6: 7-Trichloroquinoxaline.—The hydroxyquinoxaline (1-0 g.) was refluxed with phos 
phory! chloride (10 ml.) for 45 min. and the resulting dark red solution evaporated to dryness 
in vacuo. Water was added and the residue repeatedly extracted with ether. L[-vaporation 
of the dried (Na,SO,) extracts gave the trichloroquinoxaline (1-0 g.) as pale pink needles (from 
ethanol), m. p. 147° (Found: C, 40-9; H, 1-4; N, 11-5; Cl, 44-7. CgH,N,Cl, requires C, 41-1; 
H, 1-3; N, 12-0; Cl, 45-6%). 

6: 7-Dichloro - 2 - 2’ - diethylaminoethylaminoquinoxaline._-2 : 6; 7 - Trichloroquinoxaline 
(0-35 g.) was heated with 2-diethylaminoethylamine (1 ml.) to 110--140° for 3 hr, and excess 
of amine was then removed at 100°/14 mm, The residual cil was dissolved in dilute acid, 
the solution extracted with ether, the aqueous layer basified, and the quinowxaline collected 
with ether. It was a pale yellow oil, b. p. 168-—-173° (bath temp.)/0-03 mm, (Found: N, 18-7. 
C,,H,,N,Cl, requires N, 17-9%). The picrate was very difficult to purify, but the highly 
crystalline monomethiodide separated from ethanol in prisms, m. p. 106--197° (Found: C, 39-5; 
H, 4:7; N, 12-1. C,,H,,N,Cl,I requires C, 39-6; H, 46; N, 12:3%) 

6 : 7-Dichloro-2-3'-diethylaminopropylaminoquinoxaline.—This (1:15 g.) was obtained 
the same way from 2: 6; 7-trichloroquinoxaline (1:2 g.) and 3-diethylaminopropylamine 
(3-2 ml.), and distilled as a pale yellow oil, b. p. 183-—-188°(bath, temp.)/0-05 mm, It solidified 
after the second distillation and crystallised from ether in prisms, m, p, 84—-86° (Found 
Cl, 20-9. CysHygN Cl, requires Cl, 21-7%). The picrate separated from ethanol in orange 
prisms, m. p. 182° (Found: C, 45-6; H, 4-2; N, 17-2. C,,H,,0,N,Cl, requires C, 45:3; H, 4:1 
N, 17-6%). The monomethiodide separated from ethanol in pale brown prisms, m. p, 212° 
(decomp.) (Found: C, 40-8; H, 50; N, 11-4. C,,H,,H,Cl,I requires C, 409; H, 4-9; 
N, 11-9%) 

2-2’-Diethylaminoethylaminoquinoxaline.—This was obtained (72%, yield) similarly and had 
b. p. 140°/0-02 mm. (Found: C, 69-2; H, 8-6. C,,Hy N, requires C, 68-8; H, 82%). The dipi- 
crate had m. p. 185° (sinters 183°) (Found: C, 44-4; H, 38; N, 107. Cale, for CygHy,O,,N jo 
C, 444; H, 37; N, 199%). Lit.® gives b. p. 135°/0:1 mm, and m, p, 183—185”, 


respectively 
2-3’-Diethylaminopropylaminoquinoxaline.—This was also prepared similarly and had b. p 
200—-205°/0-1 mm. (Found: C, 69-8; H, 88; N, 20-9. C,sHyN, requires C, 69-8; H, 8-5; 


N, 21-7%) Ihe dipicrate, orange prisms which change to yellow needles, from ethanol, had 
m. p. 164° (Found: C, 448; H, 40; N, 18-9. Cale. for Cy,H,,O,4Ny,: C, 45-2; H, 3-9; 
N, 195%).  Lit.® gives b. p. 163°/0-1 mm. and m, p. 127--129° (different crystalline form 7), 


respec tively 
Dr. Rk. H. Nimmo Smith and Miss I. Tonkin are thanked for the biological data, and Dr 
lr’. E. King, F.R.S., for much advice and encouragement 
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925. Kinetics of the Decarboxylation of Oxaloacetic Acid. 
By E. Gevres. 


The kinetics of decarboxylation of oxaloacetic acid in aqueous solution 
have been studied at 25°, 30°, and 37° over a range of pH. Arrhenius 
parameters are obtained for the first-order decomposition of oxaloacetic 
acid and of its univalent anion. The kinetics of decarboxylation of other 
#-keto-carboxylic acids are discussed. 


lng relative rates of decarboxylation of acids and their anions are now known for a number 
of @keto-carboxylic acids. The considerable variation in these relative reactivities is 
produced by an interplay of energy and entropy factors, an analysis of which could throw 
further light on the reaction mechanism. Kinetic data for an acid and its anion have 
been reported at more than one temperature only for malonic acid..* The kinetics of 
the decarboxylation of oxaloacetic acid have been studied in detail at 37°. This reaction 
is of interest for several reasons, ¢.g., catalysis by paramagnetic ions * and carbon-isotope 
effects.° Arrhenius parameters have now been obtained for the first-order decarboxylation 
of oxaloacetic acid and of its univalent anion. 


EXPERIMENTAL 
Weighed samples of oxaloacetic acid (Found, by titration against alkali: M, 132-5. Calc. 
for C,H,O,: M, 132-1) were dissolved in the requisite amounts of water, standard hydro- 
chloric acid, and potassium chloride solutions. The apparatus and experimental procedure 
have been described previously Kinetic measurements were made in a water thermostat 
controlled to 40-01°, “ AnalaR "’ materials and “ grade A ’’ volumetric glassware were used. 


RESULTS 


Pedersen has shown that oxaloacetic acid and its two anions separately undergo first-order 
decarboxylation to pyruvic acid. The observed first-order rate coefficient for the total reaction, 
hong» 18 related to the separate rate constants for the acid, k,, for the univalent anion, 4,, and 
for the bivalent anion, h, : 


hk ha + (Ay — hg) @, + (hg — hg) & OL 6: Jk ete! Ge 


ola, 


where «, and a, are the degrees of ionisation to univalent and bivalent ions, respectively. 
Pedersen has determined the ionisation constants of oxaloacetic acid, K, and K,, (and of the 
decomposition product, pyruvic acid) as a function of ionic strength at 256° and 37°. The 
required ionisation constants for 30° have been calculated from these data : 


at 26°: log K, = 2-655 — 1-013/' + 0-751; 
log K, = 4370 — 2-026/' 4. 1-671 
at 30° log K, = 2511 — 1-023/' 4 0-80/; 
log K, = 4-365 — 2-047/' +. 1-60/ 
at 37°: log K, = 2-450 — 1-038/! + 0-86/; 
log K, = 4360 — 2076/'+ 165. . . «. « « (2) 


For a given mixture the degrees of ionisation, a, and a,, and the ionic strength, J, are 


calculated from equations (2)--(5), where HA~ and A*~ represent the univalent and bivalent 


anions of oxaloacetic acid, respectively 
a,/(1 a, —~ @) = K,/[H*); a,/(1 a, a,) = K,XK,/(H*}* - (3), (4) 
I 4({H*] + [Kt] 4+ (Cl-] + [HA™] + 4{A*>)) 


' Hall, J. Amer. Chem. Soc., 1949, 71, 2691 

* Fairclough, /., 1938, 1186 

’ Pedersen, Acta Chem, Scand., 1952, 6, 285 

* Gelles and Clayton, Trans. Faraday Soc., 1966, 62, 353 
Gelles and Reed, Nature, 1955, 176, 1262 

* Pedersen, Acta Chem. Scand., 1952, 6, 243 
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Kinetic measurements have now been made at three temperatures. For a given oxalo- 
acetic acid concentration, experiments were carried out at a number of hydrochloric acid concen 
trations, so that the sum of the hydrochloric acid and potassium chloride concentrations was 
0-100. At the concentrations of mineral acid used the bivalent anion made a very small 
contribution to the total rate of reaction. ‘The experiments at 37° gave values of A, and h, 
slightly higher than those generally found by Pedersen, but in excellent agreement with his 
data for similar oxaloacetic acid concentrations.* The results of typical experiments at 25° 
and 30° for one oxaloacetic acid concentration are summarised in Table 1. Concentrations 
are quoted in moles/l. and first-order rate coefficients in min. units. The oxaloacetic acid 


Variation of first-order vate coefficients with degree 
of ionisation of oxaloacetic acid. Plots of 
LP hore, against a, (1) at 25°, (2) at 30°. 


concentration is 00204. It is seen that agreement between observed and calculated rate 
coefficients would not be adversely affected by neglecting the very small contribution to the 
rate of the bivalent anion. Preliminary values of h, and hk, were obtained graphically on this 
basis. Neglecting the term due to the bivalent anion in equation (1), we have 


Rove. om hg (hy — hg) a, Yep tie ie Mgr er, ee 


The Figure shows plots of k,,, against a, The observed rate coefficients are obtained from 
first-order Guggenheim plots covering four half-times of reaction, and are accurate to +1—2%,. 
The first-order rate law is obeyed for the total reaction to a very good approximation essentially 


TABLE 1. Decarboxylation of acid and amnion 


Temp {HC} {KCI} I a hy 10? hobs LOP Ronte 
25° 0-000 0-100 0-1098 03342 0-0046 117 119 
0-010 0-090 0- 1067 0-2284 0-0018 0-84 0-829 
0-030 0-070 01037 0-1275 06-0005 0-490 0-490 
0-050 0-050 01025 0-0855 0-0002 0-350 0-350 
0-070 0-1019 0-0640 0-0001 0-273 0-278 
0-100 . 00-1014 0-0463 0-00006 0-221 0-219 
0-064, 10%h, 3-40 (10°, ~1) 
0-000 . 0-1102 03473 0-0047 240 241 
0-010 . 0-1071 O-2417 0-0019 1-7? 1-72 
0-030 . 0-1040 01377 0-0005 1-06 1-04 
0-050 . 01027 0-0933 06-0002 7465 0-746 
0-070 . 0-1020 0-0700 0-0001 0-691 0-592 
0-100 5 0-1015 0-0607 000007 0-472 0-466 


10°, = 0-134, 10%, = 6-67 (10%, ~2) 
37 10h, = 0-345, 10%, — 16-4, 10%, = 42 


because the ionisation constants of oxaloacetic acid and the decomposition product, pyruvic 
acid, are nearly equal.* The values of a, and «, given in Table | are calculated for the beginning 
of the reaction : their variation during the course of the reaction is inappreciable, The values 
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of hy are accurate to 4+3—4%, those of k, to 412%, The values of k,,, listed in Table 1 
are calculated from the final values of hy, &,, and hy. 


TABLE 2. Observed and calculated rate constants. 
513 x 10", exp (—25,800/RT), ky = 287 x 10". exp (—23,100/RT) min 
25° 30 37° 
obs. calc. obs calc, obs cale 


1k, 6-064 0-065 0-134 0-132 0-345 0-347 
1k, 440 3-44 6-67 6-57 15-4 15-4 


Arrhenius activation energies and A factors derived from the experimental results are used 
to calculate rate constants, which are compared with the observed rate constants in Table 2. 
[he agreement is satisfactory. The activation energies for the acid and anion are considered 
to be accurate to +600 and +300 cal./mole, respectively, and there is a corresponding 


uncertainty in the A factors 


DISCUSSION 


lhe Arrhenius parameters for oxaloacetic and malonic acids are compared in Table 3. 
lhe values for malonic acid and anion have been evaluated from Hall's data } (80—90°) on 
malonic acid over a range of pH, and Fairclough’s data * (76—120°) on sodium hydrogen 
malonate 


TABLE 3. Arrhenius parameters for oxaloacetic and malonic acids. 
Oxaloacet ix Maloni 
Acid Anion Acid Anion 


EE (kecal./mole) — .rsoseecesess 25- 23-1 30-8 27-9 
10-*A (sec,”*) 0-48 5-5 0-0098 


or both compounds the anion has a lower activation energy for decarboxylation than has 
the acid. The pre-exponential A factors are around 10" sec.-', except for the malonate 
ion. For malonic acid and the malonate ion the ratio of A factors is about 600. Malonic 
acid reacts 10 times faster than its anion at 90° (~4 times faster at 30°), as the entropy 
factor outweighs the energy factor. In oxaloacetic acid, where this entropy effect is 
absent, the anion is 50 times more reactive than the undissociated acid at 30°. 

Oxaloacetic acid can form two univalent ions (I) and (II). 


(1) H,OC-CO-CH,-CO, -O,C'CO'CH,'CO,H (II) 


A comparison of the ionisation constants of pyruvic, oxaloacetic, and acetoacetic acid 
confirms that the univalent oxaloacetate ion is predominantly (II). However, evidence 
is available that (I) is very much more reactive than (II).?_ Structure (II) would indeed 
be expected to be less reactive than the un-ionised acid; the major contribution to the 
rate of decarboxylation of the anion may be taken to come from structure (I). In that 
case, the A factor for structure (I) will be greater than the experimental value given in 
lable 3 by a factor depending on the equilibrium concentrations of (I) and (II). 

The most probable conformations of malonic acid and anion are the hydrogen-bonded 
forms (III) and (LV), In malonic acid (III) a proton must be transferred from one carboxyl 
group to another for decarboxylation to occur. Malonic acid will therefore react in its 
most probable conformation and show a normal A factor of about 10 sec. In the 
malonate ion (IV) decarboxylation is possible without proton transfer if the carboxyl 
group (+) is eliminated preferentially, as might be expected by analogy with the 
oxaloacetate ion, The malonate ion might then react by way of an energetically easier 
path with the carboxyl groups twisted out of the plane of the carbon skeleton. The 
observed low A factor may be associated with this less probable conformation. 

lhe differences in the activation energies of acid and anion for oxaloacetic and malonic 
acid, and for other 6-keto-carboxylic acids are most easily interpreted in terms of the 
electronic effect of substituent groups on the stability of the activated complex, to which 


’ Steinberger and Westheimer, /. Amer. Chem. Soc., 1951, 78, 429 
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the enol HO-CX:CY, or ion ~O-CX:CY, is a contributing structure. Electrophilic groups 
will stabilise the ion more than the enol, and electron-releasing groups are expected to act 
in the reverse manner. 
th 
HO-C 

T 


ay ~ “ee. (Iv) 
(b) 


In Table 4 relative rates of decarboxylation of acid and anion are collected for a number 
of 6-keto-acids.4.® The relative rate for malonic acid is given for 30°, and the other data 
are for temperatures in the range 18—45° 


TABLE 4. Relative rates of decarboxylation of acid and anion. 


Compound y Acid Anion 
aa-Dimeth ylacetoacetic acid : Me, Me 200 1 
Acetoacetic acid ..... : H, H +O 1 
Malonic acid ‘ ; H, H 4 1 
Phenylmalonic acid .... H, Ph 3 
DibsOSROTIRIOMICS BOIG occ cccccncesessonscesrecones Br, Bn > | 
Acetonedicarboxylic acid ; CO, H, H 3 
Oxaloacetic acid H, H 50 


As substituent groups become more electrophilic the relative stability of the activated 
complex of the anion increases and the activation energy is lowered more than that of the 
acid, so that the relative rate of the anion increases. In malonic acid the anion would 
then be expected to have a lower activation energy, as is indeed the case, but the entropy 
effect causes the acid to react more rapidly. Increasing electrophilic substitution increases 
the difference in activation energies of acid and anion until this effect overcomes the entropy 
effect, and leads to the anion’s reacting faster than the acid.’ 


My thanks are due to Mr, A. S. Scott for some preliminary measurements, 
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* Brown, Quart. Reviews, 1951, §, 131. 
* Gelles, /. Amer. Chem. Soc., 1953, 75, 6199 


926. By-ways of Synthesis of Cortisone from Hecogenin. Part I. 
9: 11-Dehydrohecogenin as Intermediate in Preparation of 11-Oxygen- 
ated Compounds (11-Oxotigogenin and %36-Acetory-17«-hydroxyallo- 
pregnane-11 : 20-dione). 


By R. K. Cattow and V. H. T. James 


9: 11-Dehydrohecogenin can be reduced to 9%: 11-dehydrotigogenin, 
which, by way of the 9;11l-bromohydrin, yields 1l-oxotigogenin, By 
another route, degradation of 9; 11-dehydrotigogenin to 36-acetoxyallo 
pregna-9(11) : 16-dien-20-one was carried out, and by a series of reactions, 
again through a 9: 11-bromohydrin, 36-acetoxy-17«-hydroxyallopregnane 
11; 20-dione was prepared. 116-Acetoxy-compounds in this series have 
been prepared, but are not possible intermediates in the synthesis of cortisol. 


[He many stages of the known routes for the partial synthesis of cortisone from hecogenin ! 
can be accomplished in different orders and by different means; some of these other routes 
have now been explored. In this paper we describe a method of introducing an oxygen 
atom at Cy,,) which can be applied at either the sapogenin stage or the pregnane stage and 


' Vor references see Cameron, Evans, Hamlet, Hunt, Jones, and Long, /., 1956, 2807 
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provides another practical method for bringing about the change from 12-oxo- to 11-oxo- 
compounds.** This is essentially the series of reactions applied by Hicks and Wallis * 
who obtained methyl 3a-acetoxy-11-oxocholanate from methy! 3«-acetoxy-9(11)-cholenate 
in very poor yield. 

Methods for obtaining 9 : 11-dehydrotigogenin (III; R = H) from hecogenin (I) have 
been described by Djerassi, Martinez, and Rosenkranz 7 and by Hirschmann, Snoddy, and 
Wendler.* The latter method, in our hands, gave a rather poor yield, and we devoted our 


om, * datas we. * 


(Hl) (Hl) 


attention to improving the yields of the four stages of the former method. Hecogenin 
acetate is conveniently brominated in benzene, and the product treated directly with 
boiling collidine gave 23-bromo-9 : 1l1-dehydrohecogenin acetate (II) in an over-all yield 
of 71%. The described * method of debromination with zinc in acetic acid went rather 
slowly, and loss of af-unsaturated ketone occurred, but reduction with a zinc-copper 
couple gave 81% of 9: 1l-dehydrohecogenin acetate. Removal of the 12-oxo-group by 
preparing a thioketal with ethanedithiol or 3-hydroxypropane-l : 2-dithiol followed by 
treatment with Raney nickel gave yields of 40 and 37%, respectively, but reduction by 
the Huang-Minlon modification of the Wolff-Kishner reaction and reacetylation of the 
crude product gave 9: 11-dehydrotigogenin acetate (III; R = Ac) in 75% yield. Two 
routes in continuance of the synthesis were then followed. In the first, 9: 11-dehydro- 
tigogenin acetate was converted by N-bromoacetamide into the 9: 11-bromohydrin (IV) 
which, by oxidation to the 9a-bromo-11-oxo-compound (V) and removal of bromine yielded 
11-oxotigogenin acetate (V1). 

The second route was the degradation of 9: 11-dehydrotigogenin by way of the 
compound and oxidation to 3$-acetoxyallopregna-9(11) : 16-dien-20-one, which was 
obtained in a yield of 77%. The 9(11)-ethylenic linkage was inert to oxidation by 
chromium trioxide under the conditions used. As both ethylenic linkages were attacked 
by per-acids, the preferred path was by preparation of the 16: 17-epoxide by the action 
of alkaline hydrogen peroxide, conversion into the 16-bromo-17«-hydroxy-compound, and 
debromination with Raney nickel to give 36-acetoxy-17«-hydroxyallopregn-9(11)-en-20-one 
(cf. ref. 9). Hypobromous acid was then added to the 9(11)-ethylenic linkage, and oxid 
ation and debromination yielded the known 36-acetoxy-17«-hydroxyallopregnane-11 : 20 
dione. Both this compound and 11-oxotigogenin have already been used as intermediates 
in the synthesis of cortisone : a route to the biologically active 9«-halogeno-compounds is 
also opened by way of the 9 : 11-bromohydrin of the pregnene. 

Concurrently with this work, an investigation was made of a synthesis of cortisol with a 
protected 116-hydroxyl group introduced at an earlier stage, rather than obtained at the 


* Djerassi, Martinez, and Rosenkranz, Te Org Chem., 1951, 16, 303 
Cornforth, Osbond, and Phillipps, /., 1954, 907. 
Schmidlin and Wettstein, Helv. Chim. Acta, 1953, 36, 1241. 
Chapman, Elks, and Wyman, Chem. and Ind., 1955, 603 
* Hicks and Wallis, /. Biol. Chem., 1946, 162, 641. 
Djerassi, Martinez, and 1d Wender, J. Org. Chem., 1951, 16, 1278. 
* Hirschmann, Sneddy, and Wendler, /. Amer, Chem. Soc., 1053, 75, 3252 
* Julian, Meyer, Karpel, and Waller, ibid., 1950, 72, 5145 
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end by reduction of the 1l-oxo-group of cortisone. Normal acetylation of 116-hydroxy- 
tigogenin yielded only a monoacetate,* but under forcing conditions (cf. Turner ' and 
Huang-Minlon ef al."4) a 36: 116-diacetate was obtained. However, hydrolysis of the 
116-acetoxyl group required such vigorous treatment with methanolic alkali that no 


(IV) ; (VI) 


compound in the later stages of the synthesis would be likely to survive. In fact, 116- 
hydroxytigogenin could be recovered from its diacetate, but 36 : 116-diacetoxy-16 : 17- 
epoxyallopregnan-20-one was broken down to unidentifiable products when an attempt 
was made to remove both acetyl groups. In the meantime, it has been shown *-™ that 
118-formylation or 116-trifluoroacetylation can be usefully employed in analogous series 
of reactions. 


EXPERIMENTAL 


M. p.s were determined in a Kofler apparatus with polarised light, and are corrected, 
Optical rotations were determined in chloroforra solutions of concentrations within the limits 
0-5—1-0%. Infrared absorption was measured with a double-beam instrument with a rock-salt 
prism (Perkin-Elmer Model 21), KBr or KCI discs being used unless otherwise stated. 

23-Bromo-9 : 1l-dehydrohecogenin Acetate,-Hecogenin acetate (25 g.) was brominated as 
described by Elks et al,“ and the crude product boiled with collidine for 2hr. The mixture was 
diluted with chloroform (250 ml.), and washed with dilute hydrochloric acid, sodium hydrogen 
carbonate solution, and water, Evaporation and treatment of the residue with methanol 
(150 ml.) yielded crude 23-bromo-9; 1l-dehydrohecogenin acetate (20-4 g.), m. p. 219—-221° 
(decomp.), Amay, 238 my (log ¢ 4:12, in EtOH). 

9: 11-Dehydrohecogenin Acetate.-The bromo-derivative (6-2 g.) was dissolved in a mixture 
of dioxan (25 ml.) and industrial spirit (95% ethanol + 5% methanol) (225 ml.). To this was 
added a zinc-copper couple prepared from 30 g. of zinc, and the mixture was boiled under 
reflux for 8 hr. The solution was filtered, evaporated to half bulk, and then poured into water. 
Che precipitate was taken up in chloroform; drying and evaporation left a residue which, after 
being boiled with methanol, yielded 9 ; 11-dehydrohecogenin acetate (4-27 g.), m. p. 215-—218°, 

a) — 10°, Amey, 238 my (log ¢ 4-18, in MeOH), 

9: 11-Dehydrotigogenin Acetate,—9 ; 11-Dehydrohecogenin acetate (4-5 g.), ethylene glycol 
(105 ml.), and hydrazine hydrate (90%; 3 ml.) were boiled for 1 hr. To the cooled mixture 
potassium hydroxide (9-2 g.) in water (10 ml.) was added and the mixture was boiled for 20 min. ; 
the condenser was then removed and water boiled off until the temperature of the mixture 
reached 197°. The condenser was then replaced and refluxing continued for 24 hr. The 
mixture was cooled, acidified, and extracted with chloroform, The extract, washed and 
evaporated, gave a residue which was treated with acetic anhydride (10 ml.) and pyridine 
(10 ml.) for 4 hr. at 100°, The residue after evaporation was purified by chromatography on 
alumina. Benzene-light petroleum (b, p. 80-—-100°) (1:9) eluted 9: 11-dehydrotigogenin 
acetate, m. p. 199-—-202-5° (from ethanol), [a)#? — 657°; the yield was 2-75 g. (65% of -heory), and 
0-4 g. was obtained as a second crop. 


'° Turner, J. Amer. Chem. Soc., 1962, 74, 4220. 

't Huang-Minlon, Wilson, Wendler, and Tischler, ibid., p. 5394 

'* Oliveto, Gerold, and Hershberg, Arch. Biochem. Biophys., 1954, 49, 244 
'* Lardon and Reichstein, Helv. Chim. Acta, 1954, 37, 443 

* Elks, Phillipps, Walker, and Wyman, /., 1956, 4330 
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11-Oxotigogenin Acetate.--9 : 11-Dehydrotigogenin acetate (0-5 g.) was dissolved in dioxan 
(70 ml.), water (15 m1.) added, and the solution filtered. N-Bromoacetamide (0-2 g.) was added, 
the flask was covered to exclude light, and 10% aqueous perchloric acid (4 ml.) was added. The 
mixture was shaken for 6 min., diluted with water to a volume of 250 ml., and kept at 5° for 
30 min.; the precipitate was washed with water and dried in vacuo. This bromohydrin, acetic 
acid (30 ml.), and chromic acid (0-4 g.) in water (10 ml.) were shaken for 1 hr. and then filtered, 
and the product recovered by addition of water and extraction with ether. The washed, dried 
extract yielded a gum (0-44 g.) which gave from methanol 9a-bromo-11-oxotigogenin acetate, 
m, p. 201-—206° (decomp.), [a], + 60°, Vn9~ 1730 (acetate), 1708 (ketone), 1248 cm. (acetate) 
and bands in the fingerprint region generally resembling those of the unbrominated compound 
(no band assignable to C~Br was visible) (Found: C, 63-4; H, 7-9; Br, 142. C,,H,,O,Br 
requires C, 63-2; H, 79; Br, 143%). This material was debrominated by boiling a solution 
in acetic acid (60 mg, in 2 ml.) with zinc dust (0-5 g.) for lhr. The mixture was taken to dryness 
under reduced pressure, the residue extracted with chloroform, and the extract evaporated. 
The residual gum crystallised from methanol in prisms, m, p. 217—228°, [a]? —38-5°. 
Kecrystallised from acetone, the m. p. rose to 222—-230° (Found: C, 73-6; H, 8-9. Calc. for 
CoH yO,: ©, 73°7; H, 94%); the infrared absorption was identical with that of an authentic 
specimen of 11-oxotigogenin acetate. 

56-A cetoxyallopregna-9(11) : 16-dien-20-one,-—-y-9 : 11-Dehydrotigogenin acetate was prepared 
by boiling 9: ll-dehydrotigogenin acetate with octanoic acid “ and acetylating the product 
(3-6 ¢.). The acetate, without purification, was oxidised directly by adding to its acetic acid 
solution (35 ml.) a solution (35 ml, of 4-6%) of chromic acid in 90% acetic acid. After } hr. 
water was added and the solution extracted with ether. The extract was evaporated and the 
residue dissolved in benzene (40 ml) and light petroleum (b. p. 40-—-60°) (50 ml.) and treated 
with alumina (60 g.). After 2 hr. the alumina was removed and the filtrate evaporated. The 
product yielded 36-acetoxyallopregna-9(11) ; 16-dien-20-one, m, p. 171-—173° (from methanol), 
[aly + LOL, (a) ggg, + 124°, Ang, 238 my (log ¢ 3-95, in MeOH), v,,,,, 1730 (acetate), 1660 (ketone), 
1592 (double bond), 1250 (acetate), 823 (double bond) em. (Found: C, 77-1; H, 9-6. Calc 
for CysHy,0,: C, 77-5; H,91%). Djerassi et al.” give m. p. 164—166°, (a) +4-67°, Ang, 238 my 
(log € 4-07), Ya, 1739, 1672, and 1239 cm.™, 

36-Acetoxy-16 ; 17-epoxyallopregn-9(11)-en-20-one,—-To 36-acetoxyallopregna-9(11) : 16-dien- 
20-one (0-27 g.) in ethanol (60 ml.) was added hydrogen peroxide (30% ; 2 ml.) and 2n-sodium 
hydroxide (2 ml.). After 48 hr. at 3° water was added and the precipitate (0-18 g.; m. p. 180— 
206°) was acetylated. 36-Acetoxy-16: 17-epoxyallopregn-9(11)-en-20-one had m. p, 208—-212° 
(from methanol), [a], 4+-88° (Found: C, 73-9; H, 8-8. C,,H,,O, requires C, 74-2; H, 87%), 
3400 (hydroxyl), 1736 (acetate), 1705 (ketone), 1248 (acetate), 860 (epoxide), 815 cm.~* 
A band at 1300 cm.“ seems to be peculiar to this and the unesterified compound 


Vmax 
(double bond). 


(obtained in impure form), 

36- A cetoxy-16-bromo-1Ta-hydroxyallopregn-9(11)-en-20-one,--The epoxy-acetate (0-1 g.) in 
acetic acid (6 ml.) was treated with 48% hydrobromic acid (2 drops), After 12 hr. the solution 
was poured into water. The precipitate, when crystallised from aqueous methanol, yielded 
3h-aceloxy-16-bromo-17a-hydroxyallopregn-9(11)-en-20-one as silvery plates (60 mg.), m, p. 180- 
184°, [«],, +-8° (Found: C, 60-8; H, 7-5; Br, 17-9. C,,H,,O,Br requires C, 60-9; H, 7-35; 
Br, 17:7%) 

36-A cetoxy-17a-hydroxyallopregn-0(11)-en-20-one, obtained by boiling the bromohydrin 
(650 mg.) for 3 hr. in ethanol (25 ml.) with Raney nickel (3 g.), formed silvery plates (from 
ethanol), m. p. 1098-5-—~200-5°, [a]? —15° (Found: C, 73-4; H, 89. C,,H,,O, requires C, 
73-7; H, 913%), yay, 1710, with shoulder at 1720 (ketone and acetate), 1260 (acetate), 
816 cm. (double bond), 

36-Acetoxy-9a-bromo-17a-hydroxyallopregnane-11 : 20-dione.-The pregnenone (0-43 g.) was 
dissolved in dioxan (60 ml.) and water (16 ml.), and N-bromoacetamide (0-215 g.) and 1% 
aqueous perchloric acid (4 ml.) were added successively. The flask was protected from light and 
shaken for 5 min., and water added to a volume of 260 ml, After 4 hr. at 5° the precipitate was 
dried [0-1 g., m. p. 155-—162° (decomp.), v,,,,. 3460 (s) (hydroxyl), 1705 (vs) with shoulder at 1725, 
1265, 1240 (acetate), 743 cm.“ (C--Br)}, 

The bromohydrin was not purified because of its instability, but was oxidised directly, Toa 
suspension in acetic acid (0-1 g. in 8 ml.) a solution of chromic oxide (0-1 g.) in water (2 ml.) was 
added. After 30 min, water was added and the mixture extracted with ether. The washed 


'* Cameron, Evans, Hamlet, Hunt, Jones, and Long, /., 1955, 2807 
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and dried extract was evaporated and the residue (85 mg.) crystallised from acetone-hexane to 
give the desired 9«-bromo-compound (59 mg.), m. p. 195—200° (decomp.), (a)? + 132° (Found : 
C, 58-4; H, 7-0. CysH,sO,Br requires C, 58-8; H, 7°1%), %nq., 3420 (hydroxyl), 1728 (acetate), 
1697 (ketone), 1250 (acetate), 743 cm.“ (C-Br). 

38-A cetoxy-17a-hydroxyallopregnane-11 : 20-dione.—The 9a-bromo-ketone (52 mg.) in ethyl 

acetate (25 ml.) was hydrogenated for 4 hr. in presence of 2% palladium-~strontium carbonate 
(130 mg.). Removal of catalyst, evaporation of solvent, and crystallisation of the residue twice 
from hexane yielded 36-acetoxy-17a-hydroxyallopregnane-11: 20-dione, m. p, 171-——174° 
(Found: C, 70-6; H, 8-6. Cale. for Cy,H,,O,: C, 70-7; H, 88%), v,,,, 3440 (hydroxyl), 1730 
(acetate), 1705 (ketone), 1250 cm." (acetate) {Pataki ef al.“ give m. p. 171—173°, [a]? +8°, 
Venne. (i CHC1,) 1720 and 1700 cm.“ and free hydroxy! band}. 
Authentic 38 : 17a-dihydroxyallopregnane-11 : 20-dione, kindly made available to us by 
Dr. J. Elks of Glaxo Laboratories, yielded a 3-acetate, m. p. 175—176-5°, (a) 4-10° (Found : C, 
70-8; H, 885%), having an infrared absorption identical with that of the material prepared as 
above. 

118-Hydroxytigogenin Diacetate.—(a) 118-Hydroxytigogenin (0-2 g.) was kept overnight in 
a mixture of acetic anhydride (1 ml.), acetic acid (1 ml.), and toluene-p-sulphonic acid (50 mg.). 
The solution was poured into sodium hydrogen carbonate solution and extracted with ether. 
The washed and dried extract yielded a residue (0-25 g., 77%), m. p. 106—-110°, on crystal- 
lisation from acetone. Recrystallisation gave the 36 : 116-diacetate, m. p. 141—-142-5°, (a}#} — 35° 
(Found: C, 71-8; H, 95. Cs,H,,O, requires C, 72-0; H, 94%). The infrared absorption 
(in Nujol) showed no hydroxyl band, but 1730 (acetate) and 1250--1240 cm.' (acetate) 
bands were strong and the spiroketal bands were present. The same compound was obtained 
in lower yield by using the same reaction mixture as above, but with one drop of 60% per- 
chloric acid instead of the toluene-p-sulphonic acid, or by treatment of 116-hydroxytigogenin 
(300 mg.) with isopropenyl acetate (2 ml.) and toluene-p-sulphonic acid(100 mg.), 

A partial hydrolysis of the diacetate (0-9 g.) was achieved by dissolving it in a mixture of 
chloroform (10 ml.) and methanol (3-5 ml.) and adding water (3-5 ml.) followed by concentrated 
hydrochloric acid (2-1 ml.), keeping the temperature } 23°. After 48 hr. at 5° the product was 
recovered by evaporation. Purification was extremely difficult: a material which separated 
from light petroleum (b. p. 60—80°) was amorphous and had m. p. 202-5--205°, (a)? — 39°, 
The infrared absorption distinguished it from the diacetate or the 3-monoacetate, The (?)116- 
monoacetate in Nujol showed y,,,, 3240 (bonded hydroxyl), with a shoulder at 3160 and acetate 
bands at 1732 and at 1270--1240 cm. (complex), The 3-monoacetate in Nujol has v,,,, 3480, 
1715, and 1270 cm.". 

Attempts were made to hydrolyse the 11-monoacetate by 0-5n-ethanolic potassium hydroxide 
at room temperature or by 0-3n-sodium methoxide in boiling methanol, but without success, 
for the infrared absorption was unchanged. Complete hydrolysis resulted from boiling it for 
1 br. with 4% potassium hydroxide in ethanol. With 2% potassium hydroxide the starting 
material was recovered. 

38 : 118-Diacetoxyallopregn-16-en-20-one.—This was obtained by oxidation of 116-hydroxy 
¢-tigogenin triacetate, prepared by the usual method,” but not purified or characterised, It 
formed crystals from light petroleum (b, p. 60—80°), having m. p. 111° and 148-156", 2,,,,. 
238 my (log ¢ 3-8, in EtOH) (Found: C, 73-9; H, 88. C,,H,O, requires C, 72-1; H, 87%). 
Infrared absorption (in Nujol) showed no hydroxyl, but bands at 1730 (acetate), 1665 (ketone), 
1590 (double bond), and 1250 cm.“ (broad; acetate), 

118-Acetoxy-16 : 11-epoxy-38-hydroxyallopregnan-20-one was prepared by treatment of the 
last-named compound with alkaline hydrogen peroxide and formed crystals [from benzene—light 
petroleum (b. p. 60-~-80°)), m, p. 176—-177° (Found: C, 70-7; H, 86. CgsH,,O, requires C, 
70-7; H, 88%), Vinay, (in Nujol) 3300 and shoulder at 2920 (hydroxyl), 1730 (acetate), 1700 
(ketone), 1240 (acetate), and 856 cm,~! (epoxide), 
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927. By-ways of Synthesis of Cortisone from Hecogenin. Part LI.' 
A Route to \\-Oxygenated Compounds through 36 : 20¢-Diacetoxy-11- 
bromoallopregnan-12-one. 

By R. K. Cattow and V. H. T. James. 


36-Acetoxyallopregn-16-ene-12 : 20-dione (Il), obtained by degradation of 
/-hecogenin diacetate, is reduced to 36-acetoxyallopregnane-12 : 20-dione 
which forms a 12; 12-ethylenedioxy-compound. Selective reduction at Cop», 
can then be carried out and 36 : 206-diacetoxyallopregnan-12-one can be 
monobrominated atC,,,, and, byapplying the series of reactions used previously 
with a 12-oxo-sapogenin, allopregnane-3 : 11 : 20-trione, an intermediate in 
the synthesis of cortisone, is prepared. 


As we explained in Part I,} the synthetical pathway from hecogenin to cortisone might, 
at least in theory, be traversed by taking the stages in different orders. In particular, the 
introduction of oxygen at Cy), previously carried out at the sapogenin stage with hecogenin, 
might, it was thought, be done after removal of the side chain. The diketone, 3-acetoxy- 
allopregn-16-ene-12 : 20-dione, obtained by degradation of w-hecogenin diacetate (I), or 
the allopregnanedione derived from it, have obviously the disadvantage of possessing two 
activated centres. Nevertheless it was found possible to protect the 12-oxo-group as an 
ethylene ketal (III) and then to reduce the 20-oxo-group, thus obtaining a 12-ketone which 
can be brominated on C,,1) and converted into an 11-ketone by reactions previously applied 
at the sapogenin stage.” 


CH,CH, CHMe’ CH): OAc 


ce) | 
re) Ac Oo Oo Ac 


H 


AcO ; ; 
i) H ay) H (ith) 


Several investigations were, however, necessary before this fairly direct route was 
completed. Initially, attempts were made to reduce selectively the 20-oxo-group in 
3f-acetoxyallopregn-16-ene-12 ; 20-dione (II), These were unsuccessful. Hydrogenation 
with a palladium, platinum, or nickel catalyst in neutral solution reduced only the double 
bond; with a platinum catalyst in acid solution both carbonyl groups were reduced. 
Although zine and acetic acid have been reported *.* to reduce the 20-oxo-group in similar 
compounds, in our experiments only the 16 ; 17-double bond was reduced. 

Bromination of the saturated diketone did not lead to a useful result. As much as 
three atomic proportions of bromine could be introduced into the molecule ; one equivalent 
of bromine gave an approximately monobrominated product, probably not homogeneous. 
As on treatment with collidine this yielded mainly 36-acetoxyallopregn-16-ene-12 : 20- 
dione, bromination had apparently taken place predominantly at Cq 7. 

These results led to an investigation of means of protecting one ketone group before 
bromination. 36-Acetoxyallopregnane-12 : 20-dione reacted with ethylene glycol to yield 
a monoketal. This could be brominated, but only with simultaneous hydrolysis of the 
ketal group, and the product was apparently the unpurifiable 17-bromo-derivative 

' Part I, preceding paper 

* Cornforth, Osbond, and Phillipps, /., 1954, 907; cf. Schmidlin and Wettstein, Helv. Chim. Acta, 
" re. be -pnoll de Ruggieri, Farmaco (sci,), 1952, 7, 11 

* Nes and Mason, i) Amer. Chem. Soc., 1961, 78, 4765. 
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previously obtained. The ketal was at first assumed to be the 20 : 20-ethylenedioxy- 
compound, but it was soon clear that this was not so. Reduction by the Wolff—Kishner 
reaction yielded 38-hydroxyallopregnan-12-one, the constitution of which was deduced 
primarily from the fact that it was not identical with the known 36-hydroxy. an- 
20-one. Reduction with lithium aluminium hydride yielded 12 : 12-ethylenedioxyallo- 
pregnane-36 : 206-diol (for assignment of configuration at Cio) cf. Klyne ®), hydrolysed to 
36 : 20¢-dihydroxyallopregnan-12-one. In this case also the constitution was deduced 
from its difference from 38 : 126-dihydroxyal/opregnan-20-one, which was prepared from 
hecogenin through the stages rockogenin, p-rockogenin triacetate, and 36 : 126-diacetoxy- 
allopregn-16-en-20-one. Positive proof of the formation of the 12-ethylene ketal from the 
12: 20-diketone is, of course, provided by the preparation of the 1l-oxo-compounds 
described below. The observation by Adams ¢ al.*, published after the present work had 
been completed, that 17a-hydroxyallopregnane-12 : 20-dione undergoes ethylene ketal 
formation exclusively at.Ciq,) is in accord with our conclusion. 

36 : 208-Dihydroxyallopregnan-12-one, now an accessible substance, thus provides a 
suitable starting point for bromination and ultimately introduction of oxygen at Cy). 
Surprisingly, the substance itself was inert towards bromine under the usual conditions. 
This may perhaps be due to interaction of the groups at Cy.) and Cig. Infrared absorption 
indicates hydrogen-bonding in the diol and 36-monoacetate but not in the diacetate. It 


° ° or 
\ Br, Oo. HO > 
(IV) ig Grae (VIE) (IX) 
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was found that the 3@ : 208-diacetate (IV) reacted readily with bromine to form a mono- 
bromo-compound, 36 : 206-diacetoxy-11-bromoa/lopregnan-12-one (V), which was reduced 
by sodium borohydride to a complex mixture, of which the 1la-bromo-126-hydroxy- and 
the lla-bromo-12«-hydroxy-compound (VI and VII) were major constituents. The 
former reacted with alkali to give the 118 : 126-epoxide (VIII); the latter, under similar 
conditions, gave the original 12-ketone. The 116: 126-epoxide, or its acetate, was 
converted, by way of intermediates (IX and X) which were not completely characterised, 
into the known allopregnane-3 ; 11 : 20-trione (XI), an intermediate in cortisone synthesis, 
the series of reactions being essentially that described by Cornforth et al. and by Schmidlin 
and Wettstein for hecogenin derivatives,? and shown in the partial formula. 

Connected with this work is an investigation of the possibility of introducing the 17«- 
hydroxy-group into 36-hydroxyallopregnane-12 : 20-dione, by the method of Julian 
et al.’, with the sequence: . 16: 17-epoxide, 16-bromo-17a-hydroxy-compound, 17a- 
hydroxy-compound. In the last stage a difficulty was encountered; treatment of the 
bromohydrin with zinc and acetic acid yielded 3¢-acetoxyallopregnane-12 ;: 20-dione, 

* Klyne, “ Ciba Foundation Colloquia on Endocrinology,” London, Churchill, 1953, Vol. 7, p. 127, 


* Adams, Kirk, Patel, Petrow, and Stuart-Webb, /., 1954, 2200, 2208. 
’ Julian, Meyer, Karpel, and Waller, /. Amer. Chem. Soc., 1960, 72, 6145. 
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perhaps by initial elimination of hypobromous acid to give the 4'*-compound (cf. Fieser 
and Ettorre *) and reduction of the latter. The required 17«-hydroxy-20-ketone was 
obtained by debrominating the bromohydrin with Raney nickel in alcohol. Independently 
Mueller, Stobaugh, and Winniford * described this series of reactions but claimed to have 
obtained the 17a-hydroxy-compound with zine and acetic acid. However, Dr. Mueller, 
in 4 personal communication, withdrew this claim: he had, in fact, obtained 36-acetoxy- 
allopregnane-12 ; 20-dione. Adams et al,* obtained, as we did, the 17a-hydroxy-compound 
with Raney nickel and the 12: 20-diketone with zinc. Before the work of Adams et al.® 
was published we had, independently, prepared, via the 21-bromo-derivative, 2l-acetoxy- 
17a-hydroxyallopregnane-3 ; 12 : 20-trione; we wish only to place on record that our 
results are in complete accord with theirs. 

Infrared absorption of the 12 : 20-dioxo-compounds examined showed certain anomalies 
in the solid state, particularly in the C=O stretching region, which tended to be more 
complex than was expected, an effect which may be attributed to some peculiarity of 
arrangement in the crystal. 


EXPERIMENTAL 


M. p.s were determined in a Kofler apparatus with polarised light, and are corrected, Optical 
rotations were determined in chloroform solutions of concentrations within the limits 0-5—1-0%. 
Infrared absorption was measured with a double-beam instrument with a rock-salt prism 
(Perkin-Elmer Model 21), KBr or KC] discs being used unless otherwise stated, 

eduction of 36-Acetoxyallopregn-16-ene-12 : 20-dione.-(a) Hydrogenation in the presence of 
2%, palladium-strontium carbonate gave 3-acetoxyallopregnane-12: 20-dione, m. p. 197 
199°, ‘a|f! +-140° (cf, Mueller et al.° who give m. p. 189—-190°), The same compound was 
obtained by using platinum in ethy] acetate or ethanol, or nickel in ethanol-ether, or by boiling 
an acetic acid solution with zinc powder. Boiling with 1% methanolic potassium hydroxide 
yielded 3-hydroxyallopregnane-12 : 20-dione, m. p. 189-—195° (from acetone), [a], -+ 165 
(Found: C, 76-1; H, 05. Cy,H,,O, requires C, 76-0; H, 9-7%). The infrared absorption in 
potassium chloride showed y,,,, 3420 (hydroxyl) and a triple peak, 1712, 1700, 1685 cm.“ in the 
C=O stretching region, A Nujol mull showed peaks at 1714, 1698, and 1682 cm.* (calcium 
fluoride prism). A chloroformic solution showed a simple peak at 1708 cm."!. 

(b) Hydrogenation of the acetoxypregnenedione (1 g.) in acetic acid (100 ml.), Adams's 
catalyst (50 mg.) being used, yielded a crude acetate, m, p. 148-5—152°, [a)#' —6° [infrared 
absorption in Nujol at about 3300 (hydroxyl), 1730 (acetate), and 1250cm.~“ (broad; acetate)], 
hydrolysed by 10% methanolic potassium hydroxide to allopregnane-36 : 12 : 206-triol, m. p 
230--234° (from ethyl acetate), [a)}? —2° (Found; C, 75-2; H, 10-7. C,,H,,O, requires C, 75-0; 
H, 108%), Vinge, (in Nujol) at approx, 3300 and a particularly intense, sharp peak at 1054 cm.~?. 

Bromination of 36-Acetoxyallopregnane-12 ; 2G-dione.--An ice-cold solution of the acetate 
(1 g.) in alcohol-free chloroform (20 ml.) was treated with bromine (0-16 ml., 1-1 equiv.) in chloro- 
form (22 ml.), Ethanol was added and the solution kept overnight. The colourless solution 
was poured into water (100 ml.) containing sodium metabisulphite (0-25 g.). The chloroform 
layer was washed, dried, and evaporated, and the gum treated with methanol to give crystals, 
m, p. 167-5-—-171° (Found: C, 60-5; H, 80; Br, 17-9. C,,H,,0,Br requires C, 60-9; H, 7-3; 
Br, 17°7%), Wy... (Nujol) 1720, 1713, and 1695cm."'. A similar product was obtained by bromin- 
ation in acetic acid solution, The product was dehydrobrominated by boiling collidine and, 
after purification by chromatography, rather poorly crystalline material was isolated, identified 
by its infrared absorption as 36-acetoxyallopregn-16-ene-12: 20-dione. When 2-2 or 3-3 
equivalents of bromine were used in the bromination another product was obtained, 
approximating to a tribromide, m, p. 195--197° (decomp.,) or 198-—200° (decomp.) (from alcohol), 

t!p ~ 55° (Found; C, 45-6; H, 5-4; Br, 39-0, C,,H,,O,Br, requires C, 45-2; H, 5-1; Br, 
393%), ven. (Nujol) 1720 and 1693 cm.“. 

12: 12-Ethylenedioxy-38-hydroxyallopregnane-12 ; 20-dione.-A solution was prepared by 
boiling under reflux with a Dean and Stark water trap, and in a current of nitrogen, a mixture of 
toluene (100 ml.), freshly distilled ethylene glycol (3 ml.), and toluene-p-sulphonic acid (50 mg.). 
When the condensate had become clear, 36-acetoxyallopregnane-12 : 20-dione (1-8 g.) was added 


* VPieser and Ettorre, /, Amer, Chem. Soc,, 1953, 75, 1700 
* Mueller, Stobaugh, and Winniford, sbid., p. 4888 
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and boiling continued until no more water condensed (2 hr.). The cooled solution was washed 
with sodium hydrogen carbonate solution and water, dried, and evaporated under reduced 
pressure, The residue with methanol yielded the Aefal acetate (1-27 g.), m. p. 157—160°, rising 
to 161—164-5° on recrystallisation, [a] + 104° (Found, after drying at 90° im vaewo: C, 71-7; 
H, 9-2. CysH,,0, requires C, 71-7; H, 9°2%), v4. 1725 and 1700 and (CHCI,) 1720 and inflexion 
at 1705cm.". Hydrolysis of the acetate by 5% methanolic sodium hydroxide at room temper 
ature and crystallisation of the product from ethyl acetate-light petroleum (b. p, 60—-80°) gave 
12: 12-ethylenedioxy-38-hydroxyallopregnane-12: 20-dione, m. p. 198-5-——200°, [a]? . + 115° 
(Found: C, 73:1; H, 9-6. C,sH,,0, requires C, 73-3; H, 9:65%), v¥_,, 1702 cm. in potassium 
bromide; a single peak was also observed in carbon disulphide. Resolution into two adjacent 
peaks was observed in a Nujol mull, 

Bromination of 36-hydroxyallopregnane-12 ; 20-dione and the 12-ethylene ketal was carried 
out under the same conditions for each substance, in ice-cold chloroform with 1-1 equiv. of 
bromine. The products, crystallised from benzene—light petroleum (b. p. 60-——80°), had m. p, 
131—134° and 133-—135°, respectively. They had identical infrared absorptions with y,,,,. 
(CS,) 1716 and 1700 cm.~! or (Nujol) 1695 cm.-'. The composition approximated to that of a 
monobromoallopregnane-12 ; 20-dione (Found, for the product from the ketal; C, 58-8; H, 7-5; 
Br, 23-4. Calc. for C,,H,,0,Br; C, 61-4; H, 7-6; Br, 195%). 

Reduction of the 12-Ethylene Ketal ov its Acetate.-(a) Wolff-Kishner method. The ketal 
(2-47 g.), treated with sodium methoxide [from sodium (3 g.) and methanol (34 ml,)} and 
hydrazine hydrate (95%; 3-3 ml.) at 200° for 6 hr, yielded material which was purified by 
adsorption from benzene solution on alumina and elution with benzene containing 10% of 
chloroform, ‘The product, 3$-hydroxyallopregnan-l2-one (1 g.), had m. p, 197-—199° (from 
hexane), [a]? 4+ 109° (Found: C, 70-5; H, 11-1. C,,H,,O, requires C, 70-2; H, 104%). The 
infrared absorption spectrum showed bands at 3220 (hydroxyl) and 1698 (ketone) and an 
intense sharp peak at 1040 cm."'. The acetate, crystallised from aqueous methanol, had m, p. 
138-—-141-5°, {a}?! +86° (Found: C, 765; H, 10-3. C,,H,,O, requires C, 766; H, 10:1%), 


» (4)p 


Vinax. 1725 (acetate), 1700 (ketone), and 1247 cm.~! (acetate) 
(b) With lithium aluminium hydride. A solution of 36-acetoxy-12: 12-ethylenedioxyallo 
pregnan-20-one (3-3 g.) in dry ether (150 ml.) was added dropwise to a suspension of lithium 
aluminium hydride (1 g.) in ether (150 ml.), The reaction was completed by boiling (1 hr.), 
After dilution with water the ethereal solution and extract were washed, dried, and evaporated. 
The residue (2-8 g.) yielded 12: 12-ethylenedioxyallopregnane-36 : 206-diol in prisms (from 
acetone), m. p. 197-—-202°, [a)f} +-48° (Found: C, 73-1; H, 10-2. Cy,H,,O, requires C, 73-0; 
H, 10:1%). There was intense absorption in the infrared at 3400 cm.' (hydroxyl), but none in 
the C=O stretching region, By boiling the ketal-diol with methanolic hydrochloric acid 
38 : 206-dihydroxyallopregnan-12-one was obtained, m. p. 238—243°, [a ry +O1° (Found: C, 
75:3; H, 10-2. Cy,Hg,O, requires C, 75-3; H, 103%), v,..,, 3440 (shoulder at 3380) (hydroxyl) 
and 1680 cm.~! (ketone). The 36-monoacetate, obtained by heating with acetic anhydride for 
| hr. at 100°, had m. p, 199-—-207°, a)? + 72°, v4, 3400 (sharp: hydroxyl), 1738 (acetate), 
1685 (ketone), and 1245 cm. (acetate). When acetylation was carried out in boiling acetic 
anhydride for 1 hr, the product was the diacetate, crystals (from acetone or hexane), m. p, 
141—-143°, [a -y + 96° (Found: C, 71-4; H, 90. C,,H,,O, requires C, 71-7; H, 92%). The 
infrared absorption showed no hydroxyl band, but there was a broad, unresolved band, v,,, 
at 1725 cm.~! in the C=O stretching region, and a band at 1245 cm.” (acetate), 

lla-Bromo-36 : 208-dihydroxyallopregnan-12-one.-The diacetate (0-75 g.) in benzene 
(10 ml.) was treated with bromine (1-1 equiv.) in benzene (2:5 ml.), After 15 min. the bromine 
was completely absorbed and a precipitate was formed which dissolved after stirring for a further 
30 min. The washed, dried benzene solution was evaporated at 35° under reduced pressure, 
rhe residue gave, from hexane, 36 : 206-diaceloxy-1la-bromoallopregnan-12-one (0-5 g.), m. p, 
161-178", {a}?! 456° (Found: C, 60-3; H, 7-6; Br, 15-3, C,,H,,O,Br requires C, 60-3; H, 
7-5; Br, 16:1%), %nax, 1730 (acetate and, presumably, ketone) and 1250 cm." (acetate), 

Reduction of 38 : 206-Diacetoxy-1la-bromoallopregnan-12-one.--Saturated aqueous sodium 
hydrogen carbonate solution (5 ml.) was added to a solution of the bromo-ketone (5-14 g.) in 
ethanol (175 ml.) and dioxan (20 ml.). The turbid mixture was treated with sodium boro- 
hydride (0-7 g.) and stirred for 24 hr, at 35°, and water was then added. An ethereal extract 
was washed, dried, and evaporated, yielding an oily residue (6-2 g.). A portion (2-4 g.) of this, 
dissolved in light petroleum (b. p. 60-——80°), was chromatographed on neutral alumina (75 g,); 
the following fractions were eluted ;: benzene—light petroleum (1 : 40) gave successively (a) 0-07 
and (b) 0-42 g. The proportion of benzene was increased, finally reaching 100%, and the 
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eluates (c) 1-31 g. and (d) 0-07 g. were obtained. Ether—benzene (1:1) eluted (e) 0-2 g. 
Fraction (a) yielded from hexane 116 : 126-epoxyallopregnane-36 ; 208-diol diacetate, m. p. 153 
155°, (a)? 451° (Found: C,72:1; H, 92. C,,H,,O, requires C, 71-7; H, 92%), v,,,, 1750 and 
1240 (acetate), 868 cm. (epoxide), and a prominent band at 1025 cm... There was no sig- 
nificant absorption due toa hydroxyl group. Hydrolysis with methanolic potassium hydroxide 
gave 116: 126-eporyallopregnane-36 : 206-diol, m. p. 216—226", [a)?? +5° (Found; C, 75-6; H, 
10-1, Cy HO, requires C, 75-4; H, 10-2%), v,,,, 3400 (hydroxyl), 1034 (C~O), and 860 cm.7 
(epoxide). Fraction (6) yielded, from hexane, 1la-bromoallopregnane-3( : 126 : 208-triol 3: 20- 
diacetate, m. p. 170-—172-6°, [a] 4-10° (Found: C, 60-0; H, 7-8; Br, 16-3. C,,H,,0,Br 
requires C, 60-1; H, 7-9; Br, 16-0%), v,,,, 3540 (hydroxyl), 1730 and 1245 (acetate), 1025 cm. 
(C-O). When boiled with 3%, methanolic potassium hydroxide this was converted into 118 : 126- 
epoxyallopregnane-36 : 206-diol, identical with the compound from fraction (d), Fraction (c), 
crystallised from hexane, yielded 1la-bromoallopregnane-38 : 12a : 206-triol 3 : 20-diacetate, m. p. 
160-164”, (a)? 46° (Found: C, 60-15; H, 7-8; Br, 16-6. C,,H,,O,Br requires C, 60-1; H, 7-9; 
bir, 16-0%,). The infrared absorption was similar to that of the 126-hydroxy-compound, but 
the hydroxy! peak was much blunter, and there were differences in the 1100—1000 cm.“ range. 
Hydrolysis by 1%, methanolic potassium hydroxide yielded 36 : 206-dihydroxyallopregnan-12- 
one, m. p, 238—-241-5°, identical with the material already described above. 

Fraction (d) gave, from acetone-hexane, 116-bromoallopregnane-38 : 12a ; 208-triol 3: 20- 
diacetate, m. p, 214—221°, (a) 449°. Hydrolysis by alkali yielded the (?) 11a : 12a-epoxide, 
m, p, 200-—220°, vy,, 3400 (hydroxyl) and 866 cm.~! (epoxide) with no absorption in the C=O 
stretching region; an intense sharp peak was present at 1033 cm.~! (C~O). Fraction (e) gave, 
from acetone~hexane, (?)116-bromoallopregnane-38 : 12a: 208-triol 3-acetate, m. p. 210-—217°, {a}? 

20° (Found: C, 60-6; H, 8-0; Br, 17-6. C,,H,,O,Br requires C, 60-3; H, 8-15; Br, 17-56%), 
Yenax, 3430, 3280 (hydroxyl), 1725, 1703 (s) (? acetate), 1270, 1255 cm.~! (acetate). From the 
fact that on hydrolysis with methanolic potassium hydroxide it gave the same (?)1la : 12c- 
epoxide as the diacetate from fraction (d) it seems likely that the compound has the constitution 
allotted to it, but the levorotation is anomalous, The compounds in fractions (d) and (¢) 
presumably arise from 118-bromo-ketone contaminating the 1la-bromo-compound, 

alloPregnane-3 : 11: 20-trione.—(a) The 116 : 126-epoxide (70 mg.) obtained from fractions 
(a) and (b) by hydrolysis was shaken in chloroform (10 ml.) with 48%, hydrobromic acid (0-5 ml.). 
After 30 min, the chloroform was washed with water and evaporated. The residue, crystallised 
from acetone-hexane, yielded 12«-bromoallopregnane-36 : 116 : 206-triol (68 mg.), m. p. 204— 
210°, (a! 4-17° (dioxan), v,,,,, 3380cm,.~ (hydroxyl), The triol (66 mg.) in acetic acid (4 m1.) was 
treated with chromic oxide (0-1 g.) in water (1 ml), the mixture was shaken well and after 
1} hr. the product was extracted into chloroform and the extract was washed, dried, and 
evaporated. The bromo-ketone, m, p. 176—-179° (from acetone-hexane), v,,,, 1700 (s), was 
debrominated by boiling with zinc in acetic acid solution, alloPregnane-3 : 11 : 20-trione, m. p. 
112--118°, was isolated, identical with an authentic specimen and with the material described 
below 

(b) An alternative preparation of the triketone began with the 118 : 118-epoxyallopregnane- 
36 : 206-diol diacetate from fraction (a) of the chromatographic separation. This material 
(60 mg.) in chloroform (3 ml.) was treated with 48% hydrobromic acid (0-3 ml.). After 30 min. 
the solution was washed free from acid and evaporated, and the 12«-bromoallopregnane- 
36: 116: 206-triol 3 : 20-diacetate crystallised from acetone-hexane. 

The triol diacetate (70 mg.) in 80% acetic acid (6 ml.) was treated with chromic oxide 
(70 mg.). After 1} hr. water was added and the product was isolated with chloroform. 
36 : 208-Diacetoxy-12a-bromoallopregnan-11-one crytallised from acetone-hexane. Debromin 
ation by zine dust in acetic acid yielded 38 : 206-diacetoxyallopregnan-ll-one (from ether 
pentane), m. p. 165—173°, (a)? + 34°, v,,,, 1730 (strong; acetate), 1705 (lower; ketone), 1245 cm.” 
(acetate), This material was hydrolysed with 10% methanolic potassium hydroxide, and the 
crude product oxidised with chromic oxide in acetic acid. The final product was allopregnane 
3: 11: 20-trione (from acetone-hexane), m, p. 212—-218° (Found: C, 75-9; H, 8-9, Calc. for 
Cy, HO, : C, 763; H, 915%). The infrared absorption, with a strong band at 1705 cm.“, was 
completely identical throughout the whole spectrum with that of an authentic specimen of the 
trione, m. p. 211—220° (Steiger and Reichstein ® gave m. p. 212—216°). 

Rochogenin (128-Hydroxytigogenin).-Hecogenin acetate was reduced by sodium boro- 
hydride, and the product purified as the acetate which, crystallised twice from methanol 


Steiger and Reichstein, Helv. Chim. Acta, 1938, 21, 161. 
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(charcoal), had m. p. 199—207°, {a]? —60° (dioxan). Alkaline hydrolysis yielded rockogenin 
(from methanol), m. p. 195—-200°, (a)? —63° (dioxan) {(Hirschmann ef al." give 218-5— 
220-5", (a), ~ 64° (acetone)} 

36 : 126-Diacetoryallopregn-16-en-20-one was obtained by conversion of rockogenin into 
/-rockogenin by the method of Cameron et al."*, acetylation of the crude product, oxidation of 
the acetate with chromic acid in 90% acetic acid, hydrolysis of the ‘‘ diosone,”’ and reacetylation, 
The product crystallised from 50% aqueous methanol and had m. p. 140--143°, [a]? + 19° 
(Found: C, 72-0; H, 8-6, C,,H 5,0, requires C, 72-0; H, 88%), vg, 1735 (acetate), 1680 
(ketone), 1590 (double bond), 1250 cm. (acetate) 

36 : 126-Diacetoryallopregnan-20-one.—The A*-compound was hydrogenated in ethyl acetate 
solution, 2% palladium-—strontium carbonate being used as catalyst. The gum after purific 
ation by chromatography on alumina, was crystallised from pentane and from aqueous methanol, 
yielding 36 : 126-diacetoxyallopregnan-20-one, m. p. 100-113", (a)!* 4+48° (Found: C, 71-7; H, 
9-3. Cy sH,,O, requires C, 71:7; H, 92%), va... 1735 (strong; acetate), 1710 (lower; ketone), 
1250 cm. (acetate). There were many minor, but quite distinctive, differences in the 
fingerprint "’ region from the absorption spectrum of the isomeric 36 : 208-diacetoxyallo- 
pregnan-12-one. 
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928. T'he Structure and Stereochemistry of Tazettine. 
By T. Ikepa, W. 1. Taytor, Y. Tsupa, S. Uyro, and H. Yajima. 


Tazettine, which is shown to contain a hemiketal moiety, can be readily 
transformed into the ether, deoxytazettine, A study of the Hofmann degrad 
ation of this compound showed that the true methine undergoes, in acidic 
media, rearrangement and loss of methanol to a compound whose structure 
is proved by synthesis of its degradation products, as well as by elimination 
to yield 6-phenylpiperonyl alcohol, The products of the Hofmann degrad- 
ations of tazettine and its derivatives appear to be transformation products 
of the methines brought about either by the basic conditions of the reaction 
or by acid introduced during the isolation procedure, Acid treatment of 
tazettine furnishes two isomeric demethylation products, tazettinol and iso- 
tazettinol, the further study of which enables a preliminary statement to be 
made concerning the absolute stereochemistry of the parent base. 


TAzerrine, a minor alkaloid of the Amaryllidaceae, was first extensively investigated by 
Spith and Kahovec ! who arrived at the partial structure (1) for the alkaloid. This base 
was later shown * to be identical with “ base VIII '’ * and with ungernine.* Kondo and 
his co-workers © accumulated many valuable data which was analyzed by Wenkert,* who 
was able to deduce the structures of two of the five end products of Kondo’s Hofmann 
degradations on tazettine which had been subject to methylation. These results along 
with the note by Clemo and Felton 7 could be expressed by the partial formula (II) in which 
the methoxy-group is placed para to the piperony! residue and the presence of a readily 
esterifiable hydroxyl, an N-methyl, and an ether group had been recognized; and further 
the double bond was isolated. 'Wenkert * proposed a complete stereostructure for the base 
which, accounting satisfactorily for a few aspects of the chemistry of tazettine, most 
importantly could not predict or account for tazettine methine, C,gH,gO,N (Spath and 

' Spath and Kahovec, Ber., 1934, 67, 1501 

* Spath, Kondo, and Kufiner, Ber., 1936, 68, 1086 

’ Kondo, Tomimura, and Ishiwata, /, Pharm, Soc, Japan, 1032, 52, 433 

‘ Norkina and Orechoff, Ber., 1936, 69, 500; Sp4th, Orechoff, and Kuffner, tbid., p. 2446 

a) Kondo, Ikeda, and Okuda, Ann. Report ifsuv Lab., 1950,1, 61; (b) Kondo and Ikeda, ibid,, 

1951, 2, 55; (e) Kondo, Ikeda, and Takeda, ibid., p. 60; Kondo, Ikeda, and Taga, (d) ibid., 1962, 8, 
65; (ce) 1963, 4, 73; (f) 1954, 6, 72. 

* Wenkert, Experientia, 1954, 10, 476 

Clemo and Felton, Chem. and Ind., 1962, 801 
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Kahovec*). Clemo and Hoggarth * confirmed this formula but, although they studied the 
methine in some detail, were unable to determine its structure. It remained for Taylor, 
Uyeo, and Yajima ® to recognize in Spéth and Clemo’s results the structure (IV) for the 
methine which was confirmed by synthesis. 

Although the methine has an ester-carbonyl group, the infrared spectrum of tazettine 
showed no carbonyl absorption so that the carbonyl group was masked or was being 
formed under Hofmann conditions. In fact, since an ester of dimethylglycine (IV) was 
being formed, the partial structure (A) appeared possible for tazettine in which under 
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Hofmann condition the dotted bonds were broken, If the partial formula (A) were correct, 
tazettine might be expected to react with carbonyl reagents under a variety of conditions 
which it did not, as already stated by Kondo.™ However, with lithium aluminium hydride 
(contrary to Kondo’s preliminary experiment °/) it was smoothly converted into a dihydro- 
compound, tazettadiol, which contained two readily acylatable hydroxyl groups and, in 
addition, in hot dilute acid lost the elements of water to form the ether, deoxytazettine 
This behaviour has an exact parallel in the reactions of the hemiacetal moiety present in 
lycorenine.!” 

A study of the Hofmann degradation of deoxytazettine threw much light on the 
constitution of tazettine (cf. two preliminary communications "'). It was found that 
in dilute aqueous acid at room temperature the methine readily rearranges with loss of the 
clements of methanol, to yield optically inactive deoxytazettine neomethine * (VII) whose 

tructure was proved as follows. Hofmann degradation of the neomethine furnished 

trimethylamime and the nitrogen-free compound (V) which, although showing no infrared 
carbonyl absorption, gave, as expected, a 2: 4-dinitrophenylhydrazone. Oxidation of 
this compound (V) with potassium permanganate gave the lactone (VI) from which 4: 5- 
methylenedioxydiphenyl-2 ; 2’-dicarboxylic acid was obtained by further oxidation. The 
constitutions of the last two compounds and therefore of the neomethine (VII) were 
confirmed by Ullmann syntheses. Methyl 6-bromopiperonylate and methyl o-iodo 
benzoate, heated at 230° for 3-5 hours with copper bronze, gave after fractionation of the 
products the dicarboxylic acid in 10% yield. Similarly, 6-bromopiperonaldehyde and 
methyl o-iodobenzoate gave methyl 6-formyl-3 ; 4-methylenediox ydiphenyl-2’-carboxylate 
in 7°, yield, converted into the lactone (V1) on reduction with sodium borohydride. 

Once the structure of the neomethine was known, two structures for the true methine 
presented themselves, namely (XI) and (XV). In both cases, in agreement with ultra 
violet and infrared evidence, the double bonds were not conjugated with each other or the 
piperonyl residue and were not contiguous to the methoxy-group. There were serious 
criticisms of structure (XV) which eliminate it; it would not be expected to survive the 
original alkaline Hofmann conditions since by loss of methanol it would aromatize to the 

* Since conversion of tazettine methine into this substance is not merely isomerisation but involves 
elimination of CH,O, the name “ neomethine " is now preferred to “ isomethine.” 


* Clemo and Hoggarth, Chem, and Ind., 1954, 1046 

* Taylor, Uyeo, and Yajima, /., 1954, 6183 

Kitagawa, Taylor, Uyeo, and Yajima, /., 1955, 1066 

'! Ikeda, Taylor, and Uyeo, Chem. and Ind., 1055, 1088; Ikeda, Taylor, Tsuda, and Uyeo, ibid, 
1956, 411 
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neomethine (VII); also it cannot account for the fact that the true methine in aqueous 
acid gives, not only the neomethine, but also 6-phenylpiperony! alcohol (XIV). Both of 
these facts are consistent with formula (XI) for the methine; there is no way for base- 
catalyzed aromatization to occur, and, with acid, rearrangement would furnish the neo- 
methine (VII) and by elimination 6-phenylpiperony! alcohol (and probably dimethylamino 
acetaldehyde but no attempt was made to isolate it). The apparent optical inactivity of 
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the neomethine (VII) is, however, not easy to explain since the rearrangement would be 
expected to be concerted and therefore occur with retention of configuration. !t was now 
possible to write structures (X), (IX), and (VIII) for deoxytazettine, tazettadiol, and 
tazettine respectively. The pK, results (see Experimental section) are in agreement with 
this structure; 14.¢,, the double bond is removed from the nitrogen atom and the hydroxy! 
group has little or no effect on the basicity. This formula for tazettine also accounts for 
the formation of phenanthridine on distillation with zinc dust,’ as well as that of 10-methy!- 
6: 7-methylenedioxyphenanthridinium chloride under the milder conditions of the 
Oppenauer oxidation. 

In attempt to rationalize the discrepancy between the Hofmann degradation products 
of tazettine obtained by the schools of Spath and Kondo, Wenkert * suggested that under 
Kondo’s alkaline methylating conditions a hydroxyl group was epimerized so that the 
decomposition took a different and more complicated route. Wiesner and Valenta ™ later 
cemed to have concluded that under the Kondo methylating conditions an arrangement 
took place, though the logic of the proposed prototropic shifts about an enolate anion is 
difficult to follow. It has been found by us that Kondo had actually prepared and studied 
O-methyltazettine methiodide, and we made O-methyltazettine whose stability to reduction 
by lithium aluminium hydride provided further support for the hemiketal moiety in the 
parent base. Tazettine reacted slowly with diazomethane to yield oily O-methyltazettine 
(VIII; OH =» OMe), which could also be prepared by treating tazettine with thiony! 
chloride followed by sodium methoxide. The oily base was characterized as styphnate 
and methiodide, The last compound was identical with the derivative prepared by Kondo 
and his co-workers ™ from tazettine by dimethyl sulphate and sodium hydroxide followed 
by potassium iodide. It was hoped that it would be possible to regenerate tazettine from 
its O-methy! derivative with aqueous acid but only ill-defined products were obtained. 
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Highet and Wildman ™ obtained results consistent with the partial formula (A) from a 
tudy of tazettamide, produced from tazettine by oxidation with manganese dioxide. 
Further degradation of tazettamide has now provided striking confirmation of the correct- 
ness of formula (VIII) for tazettine. Dihydrotazettamide (X V1), on reduction with lithium 
aluminium hydride followed by digestion with dilute acid, furnished the ether (XVII) 
which on Emde degradation of its methochloride gave the nitrogen-free compound (XVIII) 


'* Wiesner and Valenta, British Industries Fair Review (April 1956), Chem. and Ind_., 1956, R 36 
'* Highet and Wildman, ibid., 1955, 1159 
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This substance, in agreement with its structure which lras a plane of symmetry, was found 
to be optically inactive. A synthesis of the compound {XVIII) should not only confirm 
the structure of tazettine but also solve much of its stereochemistry. 

Highet and Wildman ™ have suggested that the Hofmann degradation of tazettine and 
its dihydro-derivative are concerted internal eliminations : 


“ 
. 
Nhe, —» j%+H,0 + OCL + (C=Cl + -NMe, 


This type of four-centre reaction would only be expected to occur readily if the centres were 
linearly coplanar.4* Much later Wiesner and Valenta have applied the same mechanism 
to our proposal (VITI) for tazettine, without recognizing that such a mechanism must lead 
in the case of dihydrotazettine to a methine base in which the double bond is conjugated 
with the piperonyl residue. Highet and Wildman ™ have shown, and we have confirmed, 
that the double bond in dihydrotazettine methine is not conjugated with the aromatic ring. 
From our results, given in this paper, it appears that in tazettine and its derivatives a 
normal Hofmann reaction takes place, subsequent changes being dependent on the methine’s 
stability to base (under Hofmann conditions) or to acid (which may be added in the 
isolation). We consider then that the Hofmann degradation of tazettine affords initially 
the true methine (III) which then aromatizes to the base (LV) with concomitant formation 
of an ester-carbonyl group. In the case of dihydrotazettine there is no possibility of 
aromatization of the true methine (XII), but a rate-controlled displacement takes place at 
the benzyl-allylic carbon atom in which the driving force is the formation of the ester 
carbonyl group in the product (XIII). It is unlikely that the double bond in the base 
(XIII) would move into the conjugated position during the Hofmann degradation since 
Weinstock and Bordwell !* have demonstrated the stability of 3-phenylcyelohexene under 
similar conditions. 

Tazettine was smoothly demethylated in refluxing 10% hydrochloric acid to two 
isomeric alcohols, tazettinol and isotazettinol, the latter predominating. As the names 
suggest, they were shown to be epimeric allylic alcohols in which the methoxy! group of 
tazettine is replaced by hydroxyl. Methylation of tazettinol under alkaline conditions 
furnished O-methyltazettine methiodide, and isotazettinol gave O-methylisotazettine 
methiodide. Two Hofmann degradations on the latter salt affords 2-p-methoxypheny| 
4: 5-methylenedioxybenzyl acetate (X XI), which is also obtained from O-methyltazettine 
methiodide,!* among other products, by the same procedure. The course of these Hofmann 
degradations follows the same pattern as for the cases discussed above, the first one giving 
a methine whose methohydroxide (XIX) decomposed under Hofmann conditions by base 
attack on the most acidic proton to yield the enol ether (XX). Since this ether can 
decompose in two ways, the isolation of the acetate (XXI) as well as of 2-p-methoxy 
phenyl-4 : 5-methylenedioxybenzyl alcohol was not unexpected. Another reaction leading 
to a diphenyl derivative was the oxidation of tazettinol by manganese dioxide to 2- 
hydroxyphenyl-4 : 5-methylenedioxybenzy! alcohol according to the annexed scheme 


MnO, 
—> 


(partial formula) in which §-elimination and the dienone-phenol rearrangement are the 
two most important steps. Reduction of both tazettinol and isotazettinol with lithium 
* Cf. Barton, /., 1953, 1030 
Weinstock and Bordwell, J. Amer. Chem. Soc., 1955, '77, 6706 
'* Ikeda, unpublished observations 
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aluminium hydride followed by cyelization with dilute acid gave the corresponding ethers, 
deoxytazettinol and deoxytsotazettinol. Oxidation of both of these compounds afforded 
the same af-unsaturated ketone, deoxytazettinone. Reduction of deoxytazettinone with 
sodium borohydride furnished deoxyisotazettinol as the major product. This result 
implies that the hydroxyl group in the iso-series occupies the thermodynamically more 
stable position, which is in agreement with the much more rapid oxidation of deoxy- 
tazettinol than of deoxyisotazettinol by manganese dioxide. 

Measurement of the dissociation constants of suitable derivatives has supplied a clue as 
to the configuration of the alkaloid. Deoxyisotazettinol is a stronger base than deoxy 
tazettinol by 1-6 pK, units, which suggests that the proton of conjugate acid derived from 
deoxyisotazettinol is hydrogen-bonded to the hydroxyl group, and this requirement is 
met only if the groups are cis in ring B. It follows therefore that in tazettine the methoxy! 
group is trans to the nitrogen atom. The five-membered nitrogen-containing ring must 
be cis-fused to the cyclohexene ring B because the nitrogen must be able to take up a pseudo- 
axial configuration which facilitates the various elimination reactions of tazettine and its 
derivatives involving this heteroatom. Finally Mills!’ has shown in the terpenes and 
teroids that the structural unit (XXII) always has a molecular rotation more positive 


H OH H OH 


(XXI1) (XXIII) 


than its epimer (XXIII), Comparison of the epimeric allylic alcoholic derivatives derived 
from tazettine and the theoretical isotazettine (Table 1) shows that if such considerations 
are valid in this substituted cyclic allylic alcohol then the configuration of the hydroxy! 
group in tazettine corresponds to that in (XXIII) 


TABLE 1. Optical rotations of some derivatives of lazetline 


Normal series iso-Series 
lazettinol sanbakpia tui’ , $609 +119 isoTazettinol ...... pptndsendnassainans + 261 
Deoxytazettinol .........0ceeceeee vbbude }- 210° Deoxyisotazettinol ......cccccceeeeeeees +- 328 
Acetyldeoxytazettinol ......66.cseeeee : | 54° Acetyldeoxyisotazettinol .............+. + 198° 
O-Methyltazettine methiodide ......... + 66 O-Methylisotazettine methiodide ... + 142° 


The main features of the stereochemistry of tazettine have now been elucidated with 
the exception of the stereochemistry of the hemiketal moiety for which no evidence is yet 
available, and the suggested structure for further consideration is (VIII) 

[he opportunity is taken here to discuss the possibility that both sekisanine and 
ekisanoline are in reality tazettine. In 1897 Morishima '* isolated from the bulbs of 
Lycoris radiata, together with lycorine, a second alkaloid, m. p. 200°, sekisanine (sekisan 
is the Chinese name for the plant), Kondo and Tomimura ™ in a re-investigation of this 
work found that sekisanine had m. p. 207—-208°, but despite a close similarity between the 
physical constants of this base and "‘ base VIII” 4 (later shown to be tazettine *) they were 
not considered identical.’ A direct comparison of the sekisanine samples with tazettine is 
no longer possible since the former have been lost. However, since sekisanine was isolated 
without difficulty, it must have been one of the principal bases which we know today to be 
lycorenine, tazettine, and lycoramine besides lycorine, and, of these, only the first two can 
be crystallized directly from the mixture of alkaloids. Comparison of the physical 
constants of sekisanine with tazettine and lycorenine (Table 2) suggests the identity of the 
first two. Some discrepancies, for example, the sekisanine methiodide, m. p. 287°, may be 
due to a misprint in the original publication, and the low melting point of the acetate, is 
probably due to the difficulty of obtaining a pure sample 

Kondo and Tomimura ® have also reported the isolation of an amorphous phenolic 

'? Mills, /., 1952, 4976 

'* Morishima, Arch. Exp. Path. Pharm., 1897, 4, 221 


'* Kondo and Tomimura, /. Pharm. Soc Japan, 1927, 47, 545 
* Kondo and Tomimura, :bid., 1928, 48, 438 
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alkaloid named sekisanoline, C,,H,,0;N, from Lycorts radiata Herb. Repetition of this 
work led to the isolation of a base, m. p. 208°, from the phenolic fraction which was shown 
to be identical with tazettine by direct comparison. The weak acidity is probably due to 


the hydroxyl group since O-methyltazettine was found to be insoluble in alkali. That 
TABLE 2. 
Tazettine Lycorenine 

Sekisanine CygHy, ON Cy gli ggOgN 
ANALYSIS ...ccccceccvercecscrercercessensoese C, 66-5, 66-4 65-3 O82 

H, 6-7, 5:8 6-4 73 

N, 5-06, 4-6 4-2 44 
Me. PD.  sococcvecssevcovscsccssvecscsvcosesoses 207-209 207-—-209° 190--200° 
Bhp (EtOH) acvcscovessocssovcevcreresoece + 114-6 + 121-6" +1265 
PRCTACE, Me Ds vconcererrovere somebhevennanes 212 211 Not readily cryst 
Hydrochloride, Mm, Pp. ceccsceereeeceeees 211 206 a 
Methiodide, M. Pp. ....cccccecevseeeeeeeees 287 228° 260° 
RADUBED = Hiceceservorcsboveves sedcsdedsveses 72 125 180° 
Mathoryl  ssrscersoscoverscoveccversbeccere None One One 
Methylenedioxy .....scrcerrceccossrseeees Present Present Absent 
eee at He Present Present Present 


sekisanoline was impure tazettine is further supported by its empirical formula and a 
positive test for a methylenedioxy-group, although the reported optical rotation of 
sekisanoline was quite different from that of tazettine 


EXPERIMENTAI 


Ultraviolet spectra were measured in ethanol, 

Tazettadiol._Lithium aluminium hydride (0-5 g.) was added portionwise with stirring to 
tazettine (1-5 g.) in tetrahydrofuran (50 ml). ‘Twelve hours later, after addition of chloroform 
and a little water, the inorganic salts were filtered off, and the solution was dried (IKK,CO,), then 
evaporated to dryness. On trituration with ether the resulting oil crystallized, yielding 
tazetladiol (1-15 g.), m. p. 118—119° (after crystallization from acetone or ethanol-ether), 

a\ -+-65° (c 1-7 in EtOH) (Found, in a sample dried over P,O, at room temperature; C, 61-6, 
61-3; H, 7-1, 7-1; N, 3-9. Found, in a sample dried in vacuo for 5 hr,; C, 65-0; H, 6-6. 
C,,H,,0,N,H,O requires C, 61-5; H, 7-2; N, 40. C,H gO,N requires C, 64-9; H, 70%), 

Tazettadiol (0-1 g.), p-nitrobenzoyl chloride (0-3 g.), and dry pyridine (3 ml.) were heated on 
a water-bath for 20 min., the pyridine was removed in vacuo, and water was added to the residue 
The chloroform extract was washed with 5%, potassium carbonate solution, dried (MgSO,), and 
distilled, yielding the pale yellow di-p-nitrobenzoate (90 mg.), m. p. 184—-185° (from chloroform 
ethanol) (Found: C, 60-5; H, 4-7; N, 66. CoyghlygO,,N, requires C, 60-8; H, 4-6; N, 67%), 

Deoxytasettine.—Tazettadiol (0-25 g.) was heated on a water-bath for 15 hr, with 3% 
sulphuric acid (35 ml.). The base (0-21 g.), isolated after basification and extraction with ether, 
furnished deowxytazettine, m. p. 185--136° (from ether), («)!? -+- 225° (¢ 1-8 in EtOH) (Pound; C, 
68-5, 68-4; H, 6-6,6-7; N, 43. C,,H,,O,N requires C, 68-6; H, 6-7; N, 44%), 

Deoxydihydrotazettine.--Deoxytazettine (0-1 g.) in ethanol (10 ml.) was shaken with 30% 
palladised charcoal (0-1 g.) in an atmosphere of hydrogen for 5 hr. The crude product was 


chromatographed in benzene over activated alumina (2 g.) The benzene eluate gave the 
dihydro-compound (50 mg.), m. p. and mixed m. p, 82-84”, [a)? + 148° (¢ 0-68 in MeOH), 
67-9; H, 7-2; 


identical with a sample of deoxydihydrotazettine (Kondo et al,,“/) (Found; C, 
N, 42. Cale, for Cy,H,O,N: C, 681; H, 7-3; N, 44%). The picrate, crystallized from 
acetone, had m. p. 191° (decomp.) (Found: C, 62-7; H, 49; N, 10:2, CyglHygO,N,C,H,O,N, 
requires C, 52-8; H, 4-8; N, 103%) 

Deoxytazettine Methiodide.—Tazettadiol (1-15 g.) was refluxed for 5 hr, with methyl iodide in 
methanol, After concentration the residue yielded from acetone (2 ml.) the methiodide (0-67 g.), 
m. p, 231—238° (decomp.), CK + 139° (¢ 0-69 in EtOH) Ke-treatment of the mother-liquors 
with methyl iodide and methanol in a sealed tube at 100° for 3 hr, afforded an additional quantity 
of the salt (0-8 g.) (Found; C, 49-8, 49-6; H, 561,50; N, 3-1. C,,H,,O,N,Mel requires C, 49-9; 


H, 5-3; N, 3-1%) 
) : 
Deoxytazettine (25 mg.) was refluxed for 3 hr. with methy! iodide (2 g.) in methanol (5 ml.) 
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to furnish a methiodide (quantitative yield), m. p. 221--223° (decomp.), identical with the 
sample prepared as above, 

Deoxyltezettine Methine,—The above methiodide (0-56 g,) in water (15 ml.) was stirred for 
1 hr. with excess of freshly prepared silver oxide. The filtrate was evaporated to dryness and 
the residue heated at 100° for 25 min. at 2—3 mm. The product was taken up in ether, which 
was washed with water, then concentrated to dryness. Chromatography of the oily residue 
(0-36 @.) over activated alumina gave the crude methine (0-32 g.) from the benzene eluate; this 
had [a)\? —64-2° (¢ 1-25 in EtOH), 2,,,, 245 and 290 my (log ¢ 3-74 and 3-60) (Found: C, 67-7; 
H, 69. Cy,H,,O,N requires C, 69-3; H, 70%). 

The methine was converted into its methiodide by dissolving it (60 mg.) in methanol 
containing methyl iodide (3 g.) in the presence of potassium carbonate (50 mg.). 


This derivative, crystallized from acetone, had m. p. 203--205° (decomp.), OK 72-1° 
245 (shoulder) and 290 my (log ¢ 3-84 and 3-67) (Found: C, 51-0; H, 5-5; 


¢ 0-6 in EtOH), dma, 
N, 3-0; OMe, 6-0. CygHgO,N,CH,I requires C, 51-0; H, 56; N, 3-0; OMe, 6-6%). 

Deoxylazetline neoMethine,—(a) The above methine (70 mg.) was dissolved in 5% hydro 
chloric acid (10 ml,); after a few minutes the clear solution became turbid and deposited crystals 
which were removed after 1 hr, by extraction with ether. Evaporation of the ether afforded 
6-phenylpiperonyl alcohol (17 mg.), m. p. and mixed m. p, 102-—-104°. The aqueous acidic 
solution was made alkaline, then extracted with ether, to give the neomethine as an oil (52 mg.) 
which was characterized as its methiodide, m. p. 251° (decomp.) (from acetone), |« ” +-0° (c¢ 0-51 
in EtOH) (Found; C, 52-1, 621; H, 4-8, 49; N, 3-7; OMe, 0-0. C,,H,O,N,CH,I requires 
C, 61-9; H, 61; N, 32%). 

(b) Deoxytazettine methiodide (1-37 g.) in water was shaken with excess of freshly prepared 
ilver oxide for | hr. After removal of the inorganic material, the filtrate and washings were 
evaporated to dryness in vacuo and heated at 100° for 30 min., then extracted with ether 
Kemoval of the bases with 5% hydrochloric acid left 6-phenylpiperony! alcohol as a neutral 
fraction (0-3 g.) which crystallized readily on concentration of the ether solution and had m. p 
and mixed m. p. 101—-102°, Regeneration of the basic fraction from the acidic solution gave 
the crude oily methine (0-55 g.) which was characterized as its methiodide (0-51 g.), m. p. 249 
251° (decomp.) from acetone, identical with the neomethine methiodide, m. p. 251° (decomp.), 
described above 

2-Methylene-3: 4-benzo-6 : 6-(3 : 4-methylenedioxybenzo) -oxacyclohepta-3:5-diene (5: 7-D1 
hydro-7-methylene-2 ; 3-methylenedioxydibenz(c,e\oxepine).—-The above methine methiodide (0-45 
g.) was converted into the hydroxide with silver oxide, then heated in vacuo at 100° for 15 min., 
after which it solidified. The ether extract, when washed with 5°, hydrochloric acid, furnished 
the neutral optically inactive product (0-21 g.), m. p. 147—151° as leaflets (Found: C, 76-2, 
76-0; H, 49, 46%; M (Rast), 250, 262. C,,H,,O, requires C, 76-2; H, 48%; M, 252 

2: 4-dinttrophenylhydrazone, m. p. 227-—229°, from ethanol (Found ; C, 58-6; H, 4-3; N, 12-0 
Cogl ,.O,N, requires C, 58-7; H, 4-0; N, 12-4%)). 

The trimethylamine evolved during the degradation was collected in hydrochloric acid and 
precipitated as its aurichloride, m. p. and mixed m, p. 238° (decomp.) (Found: C, 92; H, 2-2 
Au, 49-3. Cale. for C,H,N,HAuCl,: C, 9-0; H, 2-6; Au, 49-4%) 

2-Hydroxymethyl-4 : 6-methylenedioxydiphenyl-2'-carboxylic Lactone.--Potassium perman 
ganate (0-4 g.) in acetone (30 ml.) was added dropwise at 50° during 6 hr. to the above 
methyleneoxacycloheptadiene (0-13 g.) in acetone (30 ml.). The mixture was set aside over 
night and, after excess of sulphur dioxide had been bubbled in, water and 5% sulphuric acid 
(6 ml.) were added and the whole extracted exhaustively with ether. The extract, washed 
successively with 4% sodium carbonate solution and water, furnished a crystalline residue 
(80 mg.) which yielded the pure lactone, m. p. 151-—-152°, from acetone-methanol (Found: C, 
71:3,71-0, H, 39,30, Cy .H yO, requires C, 70-9; H, 4-0%) 

4: 5 Methylenedioxydiphenyl-2 : 2’-dicarboxylic Acid.--(a) The above lactone (40 mg.) was 
refluxed for | hr. with 8% ethanolic potassium hydroxide (20 ml.), then neutralized with carbon 
dioxide and evaporated to dryness, To a solution of this salt mixture, potassium permanganate 
(O-1 g.) in water (30 ml.) was added during 5 hr. at 60°, After acidification with 20% sulphuric 
acid and decolorization with sulphur dioxide, the solution was extracted with ether, to give 
after extraction with 6% aqueous sodium carbonate the crude diacid (12 mg.), m: p. 2561—-252° 
after one crystallization from methanol (Found: C, 63-0; H, 3-5. ©, ,H,O, requires C, 62-9; 
H, 3-5%) 

(b) Methyl! 6-bromopiperonylate (5 g.), methyl o-iodobenzoate (6 g.), and copper bronze 
(7 g.) were heated in a sealed tube at 225---230° for 5 hr., then cooled and taken up in chloroform 
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The filtrate was washed with aqueous sodium hydrogen carbonate, dried (Na,SO,), and 
evaporated, and the residue (8-7 g.) distilled to yield fractions : (i) not investigated (2-8 g.), b. p 
87—120°/0:-3 mm.; (ii) (1-7 g.) b. p. 132—-138°/0-2 mm., yielding dimethyl diphenyl-2 : 2’-di 
carboxylate, m. p. 74° after three crystallizations from methanol; (iii) (2-0 g.) b. p. 170— 
186°/0-07 mm., which by a combination of crystallization, chromatography, and hydrolysis 
furnished dimethyl] 4: 5-4’ : 5’-bismethylenedioxydipheny!|-2 : 2’-dicarboxylate (0-78 g.), m. p 
155—-157° (from methanol) (Found: C, 60-1; H, 3-9. Cale. for C,,H,,O,: C, 60:3; H, 40%), 
and 4: 5-methylenedioxydiphenyl-2 : 2’-dicarboxylic acid (0-55 g.), m. p. and mixed m, p. 251 
252°, identical with the degradation product of tazettine above (Found : C, 62-6, 62-8; H, 3-4, 
3-4%); and (iv) (0-6 g.), b. p. 190-—-204°/0-:07 mm., which gave dimethyl 4: 5-4’: 5’-bis- 
methylenedioxydiphenyl-2 : 2’-dicarboxylate (0-3 g.), m. p. 155-—-157° (from methanol). 

Methyl 2-Formyl-4 : 5-methylenedioxydiphenyl-2'-carboxylate.6-Bromopiperonaldehyde (2-1 
g.), methyl o-iodobenzoate (3-5 g.), and copper bronze (4 g.) were heated in a sealed tube for 5 hr. 
at 230°. The resultant mixture was extracted with chloroform, the extract was filtered and 
evaporated; the residue, crystallized from ether, gave 2: 2’-diformyl-4: 5: 4’ : 5’-bismethylene 
dioxydiphenyl (0-12 g.), m. p. 238—240° after many crystallizations from acetone-benzene 
(Found: C, 641; H, 3-6. C,H gO, requires C, 64-4; H, 34%), The ethereal mother-liquor 
was distilled and thus afforded dimethyl! dipheny|]-2 : 2’-dicarboxylate (0-91 g.) (m. p. 72-74", 
from methanol). The distillation residue was chromatographed in benzene over activated 
alumina (20 g.), and the first eluate (100 ml.) was separated by fractional crystallization in 
methanol into the less soluble 5-methoxycarbonyl-2 : 3-methylenedioxyfluorenone (15 mg.), m. p 
180° (Found: C, 68-0; H, 3:5. CygH,,O, requires C, 68-1; H, 36%), and the more soluble 
aldehydo-ester (0-37 g.), m. p. 103-—104° (Found; C, 67-3; H, 42; OMe, 10-8, 11-3, C,,H,,0, 
requires C, 67-6; H, 4:3; OMe, 10-9%). Oxidation of the latter compound with potassium 
permanganate gave 4: 5-methylenedioxydiphenyl-2 : 2’-dicarboxylic acid. The second benzene 
eluate (100 ml.) gave, from benzene-methanol, orange-red leaflets of 1: 2-6: 7-bismethylenedi 
oxyfluorenone (25 mg.), m. p, 278-—280° (Found: C, 66-4; H, 30. C,,H,O, requires C, 67-2; 
H. 3-0), and 2: 3-methylenedioxy-5-methoxycarbonylfluorenone 

The Synthetic Lactone.—-Sodium borohydride (50 mg.) in methanol (5 m1.) was added to the 
aldehydo-ester (142 mg.) in methanol (10 ml.). After 1 hr., potassium hydroxide was added 
and the whole refluxed for a further hour. The solvent was then removed in vacuo and the ether 
extract of the residue in water furnished 2: 2’-bishydroxymethyl-4 : 5-methylenedioxydiphenyl 
(15 mg.), m. p. 134—136° (from ether) (Found : C, 69-5; H, 5-3. Cy,,H,,O, requires C, 69-8; H, 
55%). The aqueous solution was acidified with 20°, sulphuric acid and extracted with ether 
which was then washed with water, dried, and evaporated to dryness. The residual oil after 
0-5 hr. at 100° gave the solid lactone (103 mg,), obtained pure (65 mg.) after crystallization from 
acetone and then ether (m. p. and mixed m. p. 151--152° with the degradation product of 
tazettine described above) (Found: C, 70-5; H, 40. Calc. for C,,H,O,: C, 700; H, 4.0%). 
When reduction of the aldehydo-ester was carried out with excess of sodium borghydride, the 
main product was the diol described above. 

3: 4-Benzo-5 : 6-(3 : 4-methylenedioxybenzo)-oxacycloheptadiene (5 : 7-Dihydro-2 : 3-methylene- 
dioxydibenz(c,e|oxepine).—-The above diol (70 mg.) was refluxed in ethanol (20 ml.) containing 
concentrated sulphuric acid (0-6 g.) for 3 hr., then after concentration to one-third of the volume 
water was added and the precipitate was filtered off to furnish from acetone the pure ether, m. p 
138-—-139° (Found: C, 74-7; H, 49. C,,H,,0, requires C, 75-0; H, 50%). 

10-Methyl-6 : 1-methylenedioxyphenanthridone.-lazettine (06 g.), aluminium phenoxide 
(5 g.), eyelohexanone (50 ml.), and xylene (50 ml.) were heated under reflux for 6 hr. After 
addition of ice-water, the mixture was extracted repeatedly with 10% hydrochloric acid, and the 
combined aqueous extracts were basified with sodium hydroxide solution, extracted with chloru 
form, and dried (K,CO,). Evaporation afforded an oil (0-17 g.), which with 5% hydrochloric 
acid furnished a crystalline chloride (75 mg.). On recrystallization from pyridine-ethanol this 
gave pure 10-methyl-6 : 1-methylenedioxyphenanthridinium chloride (30 mg.), m. p. 274 (decomp.) 
(Found: C, 61-3; H, 40; N, 44; NMe, 39. C,,H,,O,NCIH,O requires C, 61:7; H, 48; 
N, 48; NMe, 51%), Amax, 265 and 340 my (log ¢ 4:51 and 4-07 respectively). 

The iodide was obtained by addition of sodium iodide to an aqueous solution of the chloride 
and had m. p. >310° (Found: C, 46-8; H, 3-6; N, 3-6. Cale. for C,,H,,O,NI,H,O: C, 47-0; 
H, 3-7; N, 3-7%). 

The phenanthridinium chloride (30 mg.) in ethanol (25 ml.) was heated on a water-bath for 
1 hr. with sodium hydroxide (0-1 g.). Removal! of the ethanol in vacuo followed by addition of 
dilute hydrochloric acid gave a water-insoluble substance which was taken up in chloroform. 
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evaporation of the chloroform followed by recrystallization of the residue from ethanol—benzene 


gave 10-methyl-6 : 7-methylenedioxyphenanthridone (18 mg.), m. p. and mixed m, p. 236-—238° 


(Found: C, 70-92; H, 43; N, 63. Cale. for C,,H,,O,N: C, 71-1; H, 44; N, 56%), Anes 
299, 310, 325, and 340 my (log ¢ 450, 423, 401, 4-05, 4-05, 3-93, and 


250, 270, 2865, 
3-84 respectively) 

O-Methyltazettine,—-(a) Tazettine (0-3 g.) in methanol (20 ml.) was kept for 10 days at room 
temperature in excess of ethereal diazomethane (fresh portions being added every 3 days). The 
mixture was evaporated to dryness, the residue extracted with 5% hydrochloric acid was then 
basified, and the bases were taken up in ether. Concentration of the ethereal solution afforded 
crystals of unchanged tazettine (84 mg.), m. p. and mixed m. p. 208°. The mother-liquor was 
concentrated to dryness and chromatographed in benzene over activated alumina, The first 
benzene eluate afforded oily O-methyltazettine (0-158 g.), and the second eluate a further 
quantity of tazettine (36 mg.). O-Methyltazettine was readily soluble in organic solvents and 
did not crystallize even after long storage at 0°; it was, however, characterized through its 
crystalline styphnate, m. p, 198° (decomp.) from methanol (Found: C, 50-6; H, 43; N, 9-5; 
OMe, 10-6, CygHygO,N,C,H,O,N, requires C, 50-8; H, 44; N, 9-5; 20Me, 10-5%), and gave 
with tazettine styphnate (m. p, 204°) a depressed mixed m. p, ca. 184°. A sample of O-methyl 
tazettine regenerated from the styphnate had [a -y |. 88-1° (c 0-8 in EtOH), 

(b) ‘lazettine (0-2 g.) and thionyl] chloride (7 ml.) were heated on a water-bath for 40 min., 
then the excess of chloride was removed in vacuo, and the residue refluxed for 3 hr, in sodium 
methoxide solution prepared from sodium (0-5 g.) in methanol (50 ml.), Water was added and 
the whole extracted with ether which in turn was extracted with 3%, hydrochloric acid. The 
bases were liberated with sodium carbonate and extracted with benzene. The dried extract 
was chromatographed over activated alumina, and the first fraction (40 mg.) furnished on 
addition of ethereal styphnic acid crude O-methyltazettine styphnate, m. p. 188--190°, The 
second fraction (40 mg.) gave the pure derivative, m,. p. and mixed m, p. 198° with the sample 


prepared as above. Succeeding fractions afforded amorphous material (100 mg.) which was not 


further investigated 

O-Methyltazettine with methyl iodide in methanol yielded the methiodide, m, p. 138 
(decomp.) (from methanol) raised to 150-—-152° by drying at 110° in vacuo (Found: C, 47-7; H, 
55. Cale, for CygHyO,N,CH,I H,0O: C, 47-5; H, 56%). Nom, p. depression was observed 
when the sample was mixed with the methiodide prepared by Kondo and Ikeda by use of 
dimethyl! sulphate and sodium hydroxide, and then potassium iodide, The methopicrate, 
formed readily on addition of saturated aqueous picric acid to O-methyltazettine methiodide in 
hot water, had m. p. 189--190° (from methanol) (Found; C, 53-0; H, 4-7; N, 9-5; OMe, 10-9 
Cootl yg gN,CgH,O,N, requires C, 53-1; H, 48; N, 9-5; 20Me, 10-5%) 

O-Methyltazettine (40 mg.) and lithium aluminium hydride (70 mg.) were refluxed in tetra 


hydrofuran (15 ml.) for 2 hr, It was isolated unchanged, being characterized as its styphnate, 


m, p, and mixed m, p. 198° (decomp.) 

Dihydvrotazettine Methine.—Dihydrotazettine (0-5 g.) was refluxed with methyl iodide (1-5 ml.) 
and methanol (15 ml.) to furnish the methiodide (0-4 g.), m. p. 183° (decomp.) (from ethanol) 
(Found: C, 47-7; H, 6-6; N, 2-9. Cale. for C,,H,,0,N,CH,I: C, 48-0; H, 55; N, 30%) 
This (0-3 @.) was converted into the hydroxide with silver oxide, then heated in vacuo for 
15 min, at 100 The product taken up in ether was converted into the methine picrate (0-19 g.) 
which was purified by crystallization from ethanol to m. p, 129-—131°, raised to 137-139" on 
drying in vacuo (Found: C, 52-4; H, 6-0; N, 7. Cy gH gsO,N,C,H,O,N, requires C, 52-1; H, 
0; N, 07% rhe methine generated from its picrate is an oil, |«|” +-15-8° (¢ 1-2 in EtOH), 
Away, 245 and 200 my (log ¢ 3-74 and 3-60 respectively) 

Reduction of Dihydvrotazettine Methine with Lithium Aluminium Hydride The methine (0-22 
zg.) and lithium aluminium hydride (0-2 g.) in ether (10 ml.) were refluxed for 2 hr. After 
addition of water and filtration, the ethereal solution was concentrated and treated with a 
saturated solution of picric acid Che precipitated picrate (25 mg.), m. p. 92—94° was identical 
with dimethylaminoethanol picrate, The neutral portion (0-15 g.) of the reduction product did 
not crystallize and had 4,,,, 240 and 290 mu (log ¢ 3-64, 3-55) 
lazettine (1-3 g.) in chloroform (130 ml.) was stirred with manganese dioxide 
13 g.) for 48 hr, at room temperature, Chromatography of the crude product over activated 
alumina gave, from the benzene fraction, tazettamide (0-45 g.), m. p. 174° (lit., 176-—-178°), 
nj, fF 1l3 0-6 in EtOH) (lit., (a) 4. 106° in CHCI,), d,,,.. 240 and 293 my (log ¢ 3-57 and 3-6 

QO) 1666 and 1724. cm. in Nujol mull (Found ; C, 62-3; H,53; N,40. Cale 


respectively), v(é 


for C,,H,O,N > C, 62-6; H, 5-6; N, 41%) 


l asettamide 
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Dihydrotazettamide.—Hydrogenation of tazettamide in ethanol over palladium-charcoa! 
furnished the dihydro-compound, m. p. 157—-158°, [«)$, + 63° (c 0-6 in EtOH) (lit., m. p. 161 
162°, (a)? +-73-3 in CHCI,) (Found ; C, 62-9; H, 6-1. Cale. forC,,H,,O,N : C, 62-2; H, 61%) 

Reduction of Dihydrotazettamide.—-Dihydrotazettamide (0-5 g.) in tetrahydrofuran was 
reduced with lithium aluminium hydride (0-3 g.) at room temperature. The crude oily basic 
fraction was heated in 3% sulphuric acid (20 ml.) at 100° for 2 hr. Basification and 
extraction with ether afforded the amino-ether (315 mg.), whose picrate crystallized in yellow 
needles (from ethanol), m. p. 226—228° (decomp.) (Found: C, 52-8; H, 52; N, 101 
C 1 gH,,0,N,C,H,O,N, requires C, 52-6; H, 5-2; N, 102%) 

Emde Degradation of the Amino-ether.—The above amino-ether (297 mg.) with methyl] iodide 
in boiling methanol gave the methiodide (360 mg.), («|*, — 31-2° (¢ 0-7 in EtOH), which did not 
crystallize. The methiodide (150 mg.) was converted into its methochloride by shaking with 
silver chloride, then filtered and concentrated to 4 ml. 5%, Sodium amalgam (20 g,) was added 
and the mixture heated at 100° for 6 hr., during which an oil separated and trimethylamine was 
liberated. The oil was taken up into ether, washed with dilute hydrochloric acid, then water, 
and dried (K,CO,). Removal of the ether gave an oil which on chromatography over activated 
alumina furnished, from the benzene eluate, 4-methorycyclohexanespiro-4-(6 : 7-methylenedioxy 
isochroman) (XVIII) (46 mg.), m. p. 56—58° (from ethanol), [a 4 - 0° (¢ O06 in EtOH) (Found 
C, 70-2; H, 7-2. CygHy,O, requires C, 69-6; H, 7-3%). Repetition of this experiment gave the 
same product also with zero rotation. 

Action of Hydrochloric Acid on Tazettine,——-Tazettine (0-5 @.) in 10% hydrochloric acid (50 ml.) 
was heated on a water-bath for 4 hr., then cooled, washed once with benzene, basified (K,CO,), 
and extracted thoroughly with chloroform, The dried chloroform extracts on concentration 
afforded a syrup (0-45 g.) which was chromatographed in benzene over activated alumina, The 
benzene-chloroform (1 : 1) eluate gave isofazettinol (0-3 g.), m. p. 204-—206”, [a)f) +-261-7° (¢ 0-5 
in EtOH), after crystallization from ethanol (Found: C, 64-6, 64:3; H, 61, 6-2; N, 45; OMe, 
0-0. C,,H,O,N requires C, 64:3; H, 6-0; N, 44%). This compound depressed the m. p, of 
tazettine (207°) to 172-—-180°, but gave no depression on admixture with a sample of the “ iso 
tazettine '’ obtained by Kondo and Ikeda. isoTazettinol gave a picrate, m. p. 223-—226' 
(decomp.), needles from ethanol (Found: C, 51:3; H, 41; N, 10-4. C,,H,O,;N,C,H,O,N, 
requires C, 50-6; H, 4:1; N, 103%). 

rhe mother-liquor from the crystallization of isotazettinol was concentrated, and the residue 
in ethereal solution was converted into a picrate, Fractional crystallization gave a picrate 
(20 mg.), m. p, 173-——175° (decomp.) with v(C=O) at 1750 cm.~' (Found: C, 52-8, 62-6; H, 3-8, 
3-7; N, 10-5. C,,H,,O,N,C,H,O,N, requires C, 52-7; H, 3-8; N, 106%). Acetylation of 
isotazettinol with sodium acetate and acetic anhydride gave the diacetyl derivative, m. p. 149 
151°, |a)” -+-198° (¢ 0-6 in EtOH) (from ethanol), (C=O) 1740 and 1750 cm. in Nujol mull 
(Found: C, 62-1; H, 5-6; N, 33; Ac, 21-7. C,,H,,O,N requires C, 62-8; H, 5-8; N, 3-5; 
2Ac, 21-5%) Hydrolysis with 3% ethanolic potassium hydroxide regenerated isotazettinol 

Further elution of the column with acetone afforded tazettinol (0-1 g.), m, p, 187-—-188°, 

119° (c 0-5 in EtOH) (from water) (Found, in a sample dried at 100° over P,O, for 3 days 
H, 5-7%). Its picrate had m. p. 206-—208° (from water) (Found: C, 49-2; H, 4:3; 
C 7H yO,N,C,H,O,N,,0-5H,0 requires C, 49-7; H, 4:2; N, 101%), and its diacetyl 
derivative m, p. 199-——200°, (a)? 4+-55° (c 0-4 in EtOH) (from ethanol), (C@O) 1760 and 1730 cm,“ 
(Nujol mull) (Found: C, 62-7; H, 54; N, 3-4; Ac, 204%). Hydrolysis with 3% ethanolic 
potassium hydroxide regenerated tazettinol, 

Deoxyisotazettinol,—(a) isoTazettinol (70 mg.) and lithium aluminium hydride (50 mg.) were 
refluxed in tetrahydrofuran (10 ml.) for 3 hr., then treated with water and filtered, and the 
precipitate washed with chloroform, The combined organic filtrates were concentrated to 
dryness, to yield an oily triol (70 mg.). ‘This was heated on a water-bath for 1 hr. with 2-5%, 
sulphuric acid (5 ml.), then basified and extracted with ether to furnish deowxyisotlazettinol 
(40 mg.), m. p. 122-—123° (from ether), {a}! +-328° (c 0-39 in EtOH) (Found ; C, 67-1, 67-2; H, 
6-3, 6-2. C,,H,,O,N requires C, 67-8; H, 64%) Ihe picrate had m. p, 203-—-206° (from 
ethanol), and the p-nitrobenzoate (from methanol) had m. p. 185--186° (Found: C, 63-6; H, 
49; N, 63. C,,H,,O,N, requires C, 63-9; H, 49; N, 62%) 

b) Tazettadiol (0-1 g.), when heated with 10% hydrochloric acid (10 ml.) for 4 hr., basified, 
and extracted with ether, gave a residue (80 mg.) which on chromatography in ether over 
activated alumina afforded, from the first eluate, deoxyisotazettinol (20 mg.), m. p. and mixed 
m. p. 120--121°. Further elution of the column with chloroform furnished oils which were 
combined and converted into a mixture of p-nitrobenzoates. Chromatography of these esters 
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gave in small yield pure deoxytazettinol p-nitrobenzoate (6 mg.), m. p. and mixed m, p. 171 
172° which depressed greatly the m. p. of the same derivative of deoxyisotazettinol. 

Methylation of Tazettinol,-10%, Aqueous potassium hydroxide (14 ml.) was added at a 
rate of 30 drops an hour to a stirred mixture of tazettinol (30 mg.) and dimethy! sulphate (2-6 g.). 
The mixture was then neutralized with dilute sulphuric acid and extracted with chloroform. 
i vaporation of the chloroform solution to dryness and re-extraction of the residue with chloro- 
form gave O-methyltazettine methiodide (30 mg.), m. p. and mixed m. p. 152—-154° (decomp.), 

x\% + 66° (c 0-95 in EtOH) (from acetone~methanol). 
Methylation of isoT azettinol.isoTazettinol (0-1 g.) was methylated in a way similar to that 
described for tazettinol, to yield O-methylisotazettine methiodide (0-1 g.), [aJ7* + 143° (¢ 0-95 in 
EtOH) (Found: C, 49-5; H, 5-4; N, 2-9; OMe, 13-1, 12-9. C,,H,,O,NI requires C, 49-3; 
H, 6-4; N, 20; 20Me, 12-7%). The methopicrate had m, p. 204-—-205° (from methanol) (Found : 
C, 63-1; H, 4&7; N, 99. CygHysO,N,C,H,O,N, requires C, 53-1; H, 48; N, 95%). 

Deoxytasettinone.—(a) Deoxyisotazettinol (0-27 g.) in dry ether (30 ml.) was stirred over 
manganese dioxide (3 g.) for 6 days during daylight hours. The mixture was filtered and the 
manganese dioxide washed well with ether, Fractional crystallization, from ethanol, of the 
product from the ethereal filtrate gave starting material (148 mg.) and deovytazettinone (30 mg.), 
m. p, 174—176°, (a)? 4-398° (c 0-2 in EtOH), Aggy, 235 and 290 my (log ¢ 4-07 and 3-79 
respectively), v(C=O) 1680 cm."! (Found: C, 68-1; H, 5&7. C,,H,,O,N requires C, 68-2; 
H, 57%) 

(b) Deoxyisotazettinol (0-1 g.) in pyridine (1 ml.) was added to a suspension of chromic oxide 
(O-1 g.) in pyridine (1 ml.), After 12 hr. the mixture was poured into water, then the solvent 
was removed im vacuo. The residue was extracted with 3% hydrochloric acid which, after 
being washed with ether, was basified with ammonia, and the bases were extracted with ether 
to furnish the crude ketone (55 mg.) which was obtained pure (32 mg.), m. p. and mixed m. p 
172--174°, after one crystallization from methanol. 

Reduction of Deoxyisotazettinone.-The above ketone (26 mg.) in methanol (2 ml.) containing 
sodium borohydride (20 mg.) was set aside for 2 days. After removal of the methanol in vacuo, 
water was added and the mixture was extracted with ether, then concentrated to dryness and 
chromatographed over activated alumina, The light petroleum—benzene (1: 1) eluate gave an 
oil (38 mg.); elution with benzene then gave deoxyisotazettinol (20 mg.), m. p. and mixed m, p 
121-122". The infrared spectrum and optical rotation of this were also identical with an 
authentic sample, 

Deoxyltasettinol,-Tazettinol (163 mg.) and lithium aluminium hydride (100 mg.) were heated 
in tetrahydrofuran (6 ml.) for 5 hr. under reflux. After 12 hr. a little water was added and the 
precipitate removed by filtration, then washed with chloroform, The combined filtrates were 
concentrated to dryness, then dissolved in 3%, sulphuric acid (20 ml.) and heated on a water 
bath for 2hr, Basification and extraction of the acidic solution afforded an oil (130 mg.) which 
after chromatography in benzene over activated alumina gave deovxylazettinol (32 mg.), m. p. 
122-123", [a |? + 210° (¢ 0-34 in EtOH) (from ether~—light petroleum) (Found ; C, 67-6; H, 6-3; 
N, 4:4. C,,1H,,O,N requires C, 67-8; H, 64; N, 47%). The picrate (from ethanol) had m. p. 
225° (decomp.) (Found: C, 61-8; H, 40; N, 10-8. C,,H,,O,N,¢ «H,0,N, requires C, 62-1; 
li, 42; N, 106%). The p-nitrobenzoate had m. p. 171—-172° (from ethanol) (Found: C, 63-9; 
H, 49; N, 63. CyHO,N, requires C, 64-0; H, 49; N, 62%). The first eluate and the 
mother-liquors from the crystallization of deoxytazettinol were combined and converted into a 
mixture of picrates which was separated into a slightly soluble and a more soluble compound. 
[he former picrate in acetone-chloroform gave, on filtration through activated alumina, 
deoxytazettinol (35 mg.), and the latter picrate by the same procedure furnished deoxyiso 
tazettinol (40 mg.). 

Deoxytasettinone from Deoxytasettinol._-Deoxytazettinol (20 mg.) in ether (10 mg.) was 
stirred with manganese dioxide (0-2 g,.) at room temperature for 1 hr. After removal of the 
manganese dioxide and concentration to dryness, the residue was chromatographed over 
activated alumina to yield from the benzene eluate deoxytazettinone (17 mg.), m. p, and mixed 
m, p. 174-175", (a)} +4-395° (c 0-5 in EtOH) (oxime, m. p. 204-—206° after crystallization first 
from ethanol and then benzene, ,,,,. 235 and 290 my (log ¢ 4-21 and 3-68 respectively) (Found 
N, 90. Cy ll,,O.N, requires N, 8-9%)}. 

6-p-Methoxyphenylpiperonyl Alcohol from Tazettinol.—Tazettinoi (0-2 g.) and manganese 
dioxide (2 g.) in chloroform (20 ml.) were shaken at room temperature for 2 hr., then filtered. 
rhe filtrate was evaporated to dryness to afford a residue (54 mg.). The manganese dioxide 
was dissolved in aqueous sulphurous acid which was then basified with potassium carbonate and 
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extracted with chloroform. This solution yielded a further oxidation product (133 mg.) which 
was combined with the 54 mg, isolated as above and taken up again in chloroform and extracted 
with dilute acid which removed some unchanged starting material (20 mg.). Concentration 
of the chloroform solution afforded a 6-p-hydroxyphenylpiperony/ alcohol (32 mg.), m. p. 186-— 
188°, Aw. 230, 257, and 292 my (log ¢ 4:16, 4-01, and 3-80 respectively) (Found: C, 69-1; H, 
Bl. Cy,H,,O, requires C, 68-8; H, 50%). Treatment of the phenol (12 mg.) with excess of 
diazomethane furnished 6-p-methoxyphenylpiperony! alcohol, m. p. and mixed m, p, 147—-149°. 

Hofmann Degradation of O-Methylisotazettine Methiodide.—-The methiodide (0-62 g.) in water 
(10 ml.) was shaken with excess of silver oxide, then filtered and evaporated to dryness. The 
residue was heated in vacuo at 100° for 30 min., then taken up in ether which was extracted with 
3%, sulphuric acid. From the ether layer 6-phenylpiperony! alcohol (28 mg.), m. p. 102—-104°, 
was obtained. The crude methine base (0-32 g.) isolated from the acidic solution was refluxed 
with methyl iodide (3 g.) in methanol (3 ml.). The crude gummy methiodide was converted 
into the hydroxide by means of silver oxide, and the resulting solution concentrated and heated 
at 100° in vacuo for 30 min. The product was taken up in ether, washed with 3% sulphuric acid 
and water, then dried and concentrated to dryness, and the residue (65 mg.) chromatographed 
over activated alumina. The benzene eluate afforded 6-p-methoxyphenylpiperonyl acetate 
(10 mg.), m. p. 86—88° after crystallization from light petroleum; and from the benzene 
methanol eluate 6-p-methoxyphenylpiperony! alcohol (30 mg.), m. p. 145-—-147°, was obtained. 
Both compounds were identical with authentic samples 

Dissociation Constants.—pK,'s were found for the following compounds measured in 80% 
Meth ylcellosolve-water and in parentheses in 40% methanol-water tazettine, 6-14 (6°86); 
dihydrotazettine, 6-10; tazettadiol, 6-23; isotazettinol, (7-75); diacetylisotazettinol, (6-53) ; 
acetyltazettine, (5-92); deoxyisotazettinol, (8-7); deoxytazettinol, (7-1). 


We are indebted to Professor H. Kondo for his continued interest and to Mr. M. Fukuda 
for the microanalyses, M. T. Takashima for the ultraviolet spectra, and Mr, S, Oseko and Mr. Y 
Matsui for the infrared spectra, We thank Mr. L. Dorfman and Dr, M. J. Allen of CIBA 
Pharmaceutical Products for the measurements of some infrared spectra and potentiometric 
titrations respectively. 
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929. Researches on Acetylenic Compounds. Part LIIL.* The 
Relative Strengths of Some Unsaturated Carboxylic Acids. 
By G. H. MANSFIELD and M. C. Wurtine 


Values for the dissociation constants at 25° in aqueous 0-ImM-sodium 
chloride solution are reported for a number of acetylenic, allenic, and con 
jugated dienoic acids, The results permit some generalisations regarding 
the electronic influences of these unsaturated systems 


Ir has been known for some time that af-acetylenic acids (1) are more acidic than 
their ethylenic and saturated analogues, and that the acetylenic bond exerts, generally, 
a powerful electron-attracting influence.! 
R-C™@C-CO,H R-C®=C-CH,-CO,H H-C®C-[CH,},CO,H 
(1) (Il) (II) 


Variations already reported in the dissociation constants of acids (I) are considerable ; 
where R = H,? Me,* Bu®‘ and Ph,? pK, values of 1-85, 2-61, 2-85, and 2-33 have been 


* Part LI, J/., 1956, 4073. 

' Dippy, Chem. Rev., 1939, 26, 179; Walsh, Trans. Faraday Soc, 1947, 2, 18; Ingold, “ Structure 
and Mechanism in Organic Chemistry,” Bell, London, 1953, p. 70 

* Wilson and Wenzke, /. Amer. Chem. Soc., 1935, 87, 1266 

' Jeffery, German, and Vogel, Fe 1937, 1604 

¢ Braude and Jones, J/., 1946, 128. 
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published. It appeared that a much wider range of data, obtained under comparable 
conditions, might throw light on the relative magnitude of conjugative, hyperconjugative, 
and inductive effects in these systems. We now report results, obtained potentiometrically 
at 25° in 0-10m-sodium chloride solution, for a group of acetylenic acids of the types (I—II]I), 
and for some other unsaturated acids; with a few exceptions the pK, values are believed 
to be accurate to +0-05, 

everal of the acids were obtained by a modification of published procedures, an 
acetylenic hydrocarbon being prepared by dehydrohalogenation with sodamide in liquid 
ammonia and converted im situ into its sodium derivative, which was then treated with 
carbon dioxide in ethereal suspension. Although yields were sometimes inferior to those 
obtained by a two-stage process, the method is convenient for the preparation of small 


Dissociation constants of «-acetylenic acids (). 
Lit. value R pk. Lit. value 
1-85 5 Me 1-04, 1-04 
2-61° iret e 1-89, 1-91 
*C Bu # 
2-85 ° CIC) Et? 
‘ 
CHICHMe * 
Ph‘ 


Dissociation constants of y-acetylenic acids (LI). 


Hd Me * CiCMe ¢ CHUCH, / 
331, 3°33 3°60, 3-58 3-23, 3-23 3°37, 3-41 


Dissociation constants of w-acetylenic acids (111). 


2! 3! 


4°20, 4°21 4°59, 4-60 


Dissociation constants of various acids. 
Acid pho Acid phe 


ft 
HICH CO,H 3-69, 3-68 MeCGC-CHICH’CO,H* _.., 4:20 * 


t 
VheCHe CWCO WS P 368*, 371" Me-CHUCH-CHICH-CO,H__s... 448°, 453° 
HOC-CHUCHCOWH™ , 374, 3°76 Me-CHUCH-CHUCH-CO,H * .... 451°, 4-48 * 
* Ref, 2. * Ref, 3 * Ref. 4 4 Zoss and Hennion, |. Amer. Chem. Soc., 10941, 68, 1151 


Haynes and Jones, /., 1946, 504. / This paper ¢ Jones, Thompson, and Whiting, unpublished 
rh * Ref. 17, * Gilman and Young, J. Org. Chem., 1936,1, 315. / Ref. 6. * Jones, Whitham 
ind Whiting, /., 1954, 3201. ' Eglinton and Whiting, /., 1953, 3052. ™ Ref. 5 


J Keferences are to the actual method of preparation used, rather than to the first synthesi 


quantiti¢ 4-Phenylbut-3-ynoic and hex-5-en-3-ynoic acid were prepared by condensation 
of the bromomagnesium derivatives of phenylacetylene and vinylacetylene, respectively, 
with ethylene oxide, and oxidation of the resultant primary alcohols with chromic acid.° 
When 4-phenylbut-3-ynoic acid was heated to 40° with 18°, potassium carbonate 

solution, the corresponding allenic acid could be isolated in 52°, yield. The ultraviolet 
spectra of solutions of 4-phenylbuta-2 : 3-dienoic and of 4-phenylbut-3-ynoic acids, in 
potassium carbonate solution after equilibration at 40°, were virtually identical, and 
corresponded to a 3: 2-concentration-ratio of the two anions. ‘This contrasts with the 
virtually complete conversion of but-3-ynoic into buta-2 : 3-dienoic anions under similar 
conditions. Under more drastic conditions 4-phenylbuta-2 : 3-dienoic acid underwent 
hydration and fission to benzyl methyl ketone, rather than rearrangement to the «6 
acetylenic acid.® 4-Phenylbuta-2 : 3-dienoic acid was first obtained by the action of 
nickel carbonyl on 3-chloro-3-phenylprop-l-yne,’ and its spectrographic properties will 
be discussed later 

Heilbron, Jones, and Sondheimer, /., 1947, 1589 

Eglinton, Jones, Mansfield, and Whiting, /., 1954, 3107 

jones, Whitham, and Whiting, /., to be published 
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DISCUSSION 


In the simple «$-acetylenic acids (I), the unique position of propiolic acid (I; R = H) 
is at once obvious. Replacement of the terminal hydrogen atom by any alkyl group, a 
phenyl or a propenyl group, increases the pK, value by 0-6—0-9.'_ The small differences 
among the various alkyl substituents indicate that C-H hyperconjugation is not of pre- 
dominant importance in reducing the dissociation constant; the slightly increasing effect 
from methyl to fert.-butyl is reminiscent of the trend of dipole moments of the alkyl 
cyanides, reported by Ingold.* A second acetylenic bond, on the other hand, increases 
the dissociation constant fivefold relative to the corresponding monoacetylenic acid, but 
the effect of further increase in the polyacetylenic chain is much smaller 

When a methylene group is interposed between the acetylenic linkage and the carboxyl 
group, the effects observed when R is varied in the structure (II) are analogous, but all 
ApK, values are smaller by a factor of 2—2-5, as is usual when a methylene group is 
inserted (cf. the chloro- and iodo-acids, X*|CH,),°CO,H).® Increasing the separation of 
the ethynyl and carboxyl groups produces the expected progressive weakening as 
increases from 0 to 3, but hept-6-ynoic acid (IIL; = 4) is unexpectedly strong. Con- 
ceivably this may be due to some weak cyclic interaction between the triple bond and 
the CO,” grouping. The results imply that the ethynyl group approximates in electron- 
attracting power to an iodine atom. 

In contrast to the acetylenic acids, the two stereoisomeric hexadienoic acids show 
almost identical dissociation constants differing little from those of monoethylenic and 
saturated acids. The absence of an increase in dissociation constant on passing from the 
2-trans to the 2-cis isomer suggests that there is little hindrance to coplanarity in the 
latter. This contrasts with the cases of o- and /-toluic acid and of tiglic and angelic acid, 
where steric hindrance in one isomer, by inhibiting the acid-weakening effect of conjugative 
interaction, enables the intrinsic electron-attracting tendencies of unsaturated systems 
to assert themselves. 

Evidently the allene grouping shows net electron-attracting powers intermediate 
between those of ethylenic and acetylenic linkages. 

Diagnostic use has already been made of the results recorded above."! 


EXPERIMENTAI 


Ihe acids were dissolved in 0-10m-sodium chloride solution, 20 c.c. of a 0-O1lm-solution being 
employed when the solubility and the quantity of material permitted, In the titrations 0-Im 
sodium hydroxide solution was added from a burette which could be read to 0-01 ¢.c., pH values 
being measured with a glass electrode, calomel electrode directly immersed, and a Cambridge 
pH meter, calibrated before and after with 0-05M-potassium hydrogen phthalate solution, ‘The 
temperature was maintained at 25° + 0-5°. NKeadings from the first and the last quarter of 
the titration were ignored; 10—15 values of the pA, were calculated from the central portion 
of the titration, and the mean was determined. The standard deviation from the mean value 
was about 0-03, but accuracy greater than -+-0-05 unit is not claimed because of systematic 
errors Ihe conditions used maintained constant ionic strength; no activity corrections were 
made. ach determination was carried out in duplicate when possible 

Because of shortage of material or low solubility it was necessary to work in more dilute 
lution, down to 0-005M, in some cases which are marked with an asterisk in the Table Here 
precision was lower, and results should be taken as +0-10 unit. Occasionally a systematic 
drift to lower acidity was evident as the titration proceeded, remedied by further purification 
of the acid involved 

4: 4-Dimethylpent-2-ynoic Acid 3: 3-Dichloro-2 ; 2-dimethylbutane * (31-0 g.) in ether 
(100 c.c.) was added to a suspension of sodamide, prepared from sodium (15 g.) in liquid ammonia 
(1 1.), during 40 min., and the mixture stirred for 4 hr, Ether (250 c.c.) was then added, and the 


* Derick, 


* Ingold, op. cit., pp. 100 and 115 
/ Amer. Chem. Soc,, 1911, 33, 1152. 
” Ingold, of ciu., p 744 
‘t Bu'lock, Jones, Mansfield, Thompson, and Whiting, ¢ m. and Ind., 1954, 990 
* Favorski, /. Russ, Phys. Chem. Soc., 1887, 19, 425 
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mixture transferred from the vacuum flask to a beaker; most of the ammonia evaporated 
during 12 hr. A further 250 c.c. of ether were added, and the mixture was warmed to 30° in 
a slow stream of dry nitrogen to remove the remainder of the ammonia; then a large excess of 
solid carbon dioxide was added, After 14 hr. water (25 c.c.) was added cautiously, followed 
by dilute sulphuric acid. Isolation of the acidic fraction and distillation gave the acetylenic 
acid (4&3 g., 33%), m. p. 48—-49° (uncorr.) [Moureu and Delange ™ give b. p. 110°/10 mm., 
m. p, 47-—-48° (uncorr.)], Its infrared spectrum showed a strong band at 2222 cm.', and the 
equivalent weight found agreed with the theoretical value. 

5: &-Dimethylhex-2-ynoic Acid (with J. L. H. ALtan).—-1: 2-Dibromo-4: 4-dimethy] 
pentane “ (40 g,) in ether (100 c.c.) was added to a suspension of sodamide, prepared from 
sodium (14 g.) in liquid ammonia (500 c.c.), during 90 min. After 16 hours’ stirring 250 c.c. 
of ether were added and the mixture was heated in a stream of nitrogen for 4 hr. Ether (500 
c.c.) was added, the mixture was cooled externally to — 60°, and roughly powdered solid carbon 
dioxide was added until the 3 1.-flask was full. After 3 days dilute sulphuric acid was added, 
and the acidic fraction was isolated with ether, giving a residue (9-0 g.) which was sublimed at 
up to 120° (bath temp.)/10~* mm., yielding 7-7 g. (37%) of material, m. p. 42——46°, raised with 
some difficulty to 46-5° by crystallisation from light petroleum at —6° (Favorski and Opel ” 
give in. p, 48--49-5”"). 

Hexa-2 : 4-diynoic Acid.—1 : 4-Dichlorobut-2-yne * (61 g.) was added to a suspension of 
sodamide, prepared from sodium (38 g.) in liquid ammonia (500 c.c.). After 5 min, methy] 
iodide (71 g.) was added dropwise. After a further 2 hr., a suspension of sodamide, prepared 
from sodium (3 g.) in liquid ammonia (500 c.c,.) was added. The mixture was stirred for 1} hr., 
ether (260 c.c.) was added, and the mixture was set aside in a beaker while most of the ammonia 
evaporated, during 12 hr., then transferred to an autoclave containing an excess of crushed 
carbon dioxide, After 48 hr. the complex was decomposed with dilute sulphuric acid, and the 
diacetylenic acid (2-65 g., 5%) was isolated; it had m. p, 118° (Allan et al.” give m. p, 118°), 

Hex-b-en-3-ynote Acid.—-A solution of chromic acid (25-5 c.c.; 6N in 12N-sulphuric acid) 
was added dropwise to a solution of hex-5-en-3-yn-l-ol ¥ (3-4 g.) in acetone (100 c.c.), the tem- 
perature being kept near 20°, After 17 hr. water was added and the acidic fraction was isolated 
giving hex-6-en-3-ynoic acid (750 mg., 19%), m. p. 60--61° (Found: C, 65-45; H, 5-6. C,H,O, 
requires C, 65-45; H, 56-56%). Light absorption in 95% ethanol : maximum, 2230 A, inflexion, 
2320 A; « 12,200 and 10,400, respectively. 

4-Phenylbut-3-ynoic Acid.--4-Phenylbut-3-yn-1l-ol ® (8-0 g.) was dissolved in acetone 
(200 c.c.) and treated at 15—20° with a solution of chromic acid (36 c.c.; as above). After 
3% hr. water was added and the acidic product isolated. Crystallisation from light petroleum 
gave the acid (4:1 g., 47%), m. p. 71° (Found: C, 75-1; H, 5-2. C,,H,O, requires C, 75-0; 
H, 56-06%) 

4-Phenylbuta-2 : 3-dienoic Acid._-The above acid (11-0 g.) was heated at 40° with potassium 
carbonate solution (100 ¢.c,; 18%) for Lhr. Isolation of the acidic material and crystallisation 
from light petroleum gave the allenic acid (0-5 g.), m. p., and mixed m. p. with an authentic ’ 
specimen, 92° (Found: C, 75°26; H, 53. C,,H,O, requires C, 75-0; H, 5-06%). When 
heated with potassium hydroxide solution (75 c.c.; 9%) at 90° for 2 hr., 4-phenylbut-3-ynoic 
acid (0-5 g.) gave benzyl methyl! ketone (0-25 g., 60%), b. p. 106° (bath temp.) /9 mm., n}* 1-5160 
(Danilov and Venus-Danilova ” give b. p. 100-—-101°/14 mm., nv 15168). The 2: 4-dinitro 
phenylhydrazone had m, p. 155—156°, undepressed with an authentic specimen. 
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930. Researches on Acetylenic Compounds. Part LIV.* The 
Preparation and Synthetical Applications of Ethynylmagnesium Bromide. 


By E. R. H. Jonzs, L. SkatrenéL, and M. C. WuHitine. 


Ethynylmagnesium bromide can be prepared in tetrahydrofuran solution 
by a reverse-addition technique. It converts many carbonyl compounds 
into the corresponding ethynylcarbinols in high yields. 


In the condensation of metallic derivatives of monosubstituted acetylenes, R-C®C-M, 
with carbonyl compounds, the bromomagnesium derivatives have important advantages 
over the sodium and lithium derivatives, and are generally chosen when possible. In 
particular, they can readily be prepared in an organic solvent, and react smoothly with 
carbonyi compounds which are unstable under basic conditions. The bisbromomagnesium 
derivative of acetylene itself has frequently been used in this way, but although early 
workers probably did obtain reagents containing a certain amount of the monobromo 
magnesium derivative, the bisbromomagnesium compound always was clearly the major 
component. A definite claim to have prepared the mono-compound was made by 
Grignard, Lapayre, and Tchéoufaki,*? whose method involved saturation of an ethereal 
solution of ethylmagnesium bromide containing benzene with acetylene at 1-5 atmo- 
spheres. We must point out in this connection (a) that this increase in pressure could not 
be expected to change the course of the reaction significantly, and it has been repeatedly 
observed ! that at atmospheric pressure even prolonged passage of acetylene does not 
alter the insoluble bis-dertvative; (6) that we have been unable to reproduce the results 
described ; and (c) that of the alleged reaction products obtained in this way, although all 
the known compounds, R*C®CH, described agreed well with literature reports, that which 
at the time was not known (pent-l-en-4-yne) has been proved subsequently ® to possess 
properties (density and refractive index) widely different from those listed. In our hands 
ethynylmagnesium bromide disproportionated to acetylene and the bis-derivative under 
conditions much milder than those specified for the condensation reactions with benzyl 
and alkyl bromides, etc. The reaction with benzyl bromide was said * to give as one pro- 
duct a hydrocarbon, m. p. 80°, described as dibenzylacetylene, and subsequently said to be 
obtained * by catalytic reduction of diphenyldiacetylene. Dupont, Dulou, and Lefebvre ® 
have prepared dibenzylacetylene by two unambiguous routes, and find it to be a liquid at 
room temperature. Repeating the work of Grignard, Lapayre, and Tchéoufaki* they 
obtained | ; 4-dibenzylbenzene, m. p. 81-—83°, and suggested that it was this substance that 
the latter authors had isolated. It would, of course, be impossible to obtain this compound 
by the second method described by Grignard and Tchéoufaki.* 

In view of recent unfavourable comments * on the syntheses reported by Grignard and 
Tchéoufaki ? of iodotriacetylene and phenyltriacetylene, which we endorse, it appears that 
the claims made in these papers should be treated with great caution. 

It is clear that acetylene must give ethynylmagnesium bromide as the first product of its 
reaction with ethylmagnesium bromide—indeed this has been proved kinetically.* When 
the gas is passed into an ether or benzene solution, however, the sparingly soluble bis 
bromomagnesium derivative soon separates, and does not redissolve; presumably reaction 
(2) proceeds with a rate comparable with that of reaction (1), and, because the ethyl- 
magnesium bromide is in excess, the bismagnesium bromide is formed almost quantitatively 
Since the reactions of acetylenes with Grignard reagents in non-polar solvents are not 


Part LIII, preceding paper. 
For a general review see Raphael, ‘ Acetylenic Compounds in Organic Synthesis,” Butterworth 
London, 1955, pp. 13 and 16, and references cited there 
* Grignard, Lapayre, and Tchéoufaki, Compt. rend., 1928, 187, 517 
’ Paul and Te helitsheff, thid - 1951, 233, 1116 
* Grignard and Tchéoufaki, ibid., 1929, 188, 1531 
* Dupont, Dulou, and Lefebvre, Bull. Soc. chim. France, 1954, 653 
© Schlubach and Franzen, Annalen, 1951, 873, 115 
Grignard and Tchéoufaki, Compt. rend,, 1929, 188, 351 
* Kleinfeller and Lohmann, Ber., 1938, 71, 2608 
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instantaneous and do not involve free ions—unlike analogous reactions with sodamide in 
liquid ammonia, for example *—-one cannot assume either that equilibrium (3) would favour 
ethynylmagnesium bromide, or that it would be attained at a practicable rate. In fact, 
no clear-cut exchange reaction such as (3), between one acetylene and the bromomagnesium 
derivative of another, has yet been demonstrated; and even the reactions with alkyl- 
magnesium halides are quiteslow.4° The best hope of obtaining ethynylmagnesium bromide 
therefore lay in avoiding reaction (2) by maintaining a local excess of acetylene through an 
inverse-addition technique, while at the same time further attempting to minimise the 
disproportionation reaction (3) by employing a good solvent for acetylene and for the bis- 
bromomagnesium derivative, such as tetrahydrofuran 


(1) HC8CH + EtMgBr ——m HC®C-MgBr + EtH 
(2) HC#C-MgBr +. EeMgBr —— BrMg-C=C-MgBr 4. EtH 
(3) HC®CH + BrMg-C—C-MgBr —-- 2HC#C-MgBr 


When these conditions were employed a reagent was obtained which converted carbonyl 
compounds into their ethynylearbinols in yields of up to 85°, no detectable quantities of 
the glycols being isolated. When the solution of the reagent was cooled a solid separated 
which was analysed by decomposition with an excess of dilute sulphuric acid, measurement 
of the volume of acetylene produced, and back-titration to estimate magnesium (as 
rMg-OH). Values of 0-96 and 0-90 were obtained in replicate experiments for the ratio 
C,H, liberated]; [acid consumed}. When the solution was evaporated below 20° at 
(1 mm., partial disproportionation (--3) occurred, and decomposition of the residue gave 
an acetylene : magnesium ratio of 0-79, 0-74, and 0-74; warming to 50° in vacuo reduced the 
ratio to 0-37, With the normal procedure, when the acetylene was passed into the ethyl 
magnesium bromide, and even though the gas-stream was continued for some time beyond 
apparent saturation, the sparingly soluble derivative which separated gave ratios of 
acetylene ; magnesium of 0-37 and 0-40 on decomposition. Thus the inverse-addition 


technique is essential for success, More surprisingly, the use of pure tetrahydrofuran as 
olvent is also an important factor; one experiment in which a 1: 1 mixture of ether and 


Reactions of ethynylmagnesium bromide. 

Keagent Product Yield Yield (%) by other methods 
MerCOrkt MekEtC(OH)-C8CH 70 78* 
MeCO-CH,CI MerC(OH)(CH,Cl)-C®8CH 60 25° 
MerCOI MePh(OH)-CeCH 35 
Ph CH CHO Ph ,CH-CH(OH)-C8CH 76 
CH, -CHYCHO H,C=CH’CH(OH)-CecH 45 
CHyCH®eCH-CHO CHyCH=CH’CH (OH) « BO 
PhCH®CH-CHO Ph-CH=CH’CH(OH)-C8CH 0 
CHO BurC8C-CH (OH) -C8CH 85 

HCSC-CH(OH)-C®eCH 
EtOorcOrcecH 
ChCH yCH (OH) CHyCoCH 


No low-boiling product 
Recovered unchanged 
mpson, Burr, aid Shaw, /, Amer. Chem. Soc., 1941, 68, 186. ° Herstein, Zhur. obshchei 
1942, 12, 132. * Oroshnik and Mebane, /. Amer. Chem. Soc., 1949, 71, 2062. 4 Bohlmann 
e, Chem. Ber 1054 87, 712 ? Heilbron, it nes, and Weedon / 1945, Sl f Jone and 
bie, /., 1942, 733 ’ Cymerman and Wilks, /., 1950, 1208 * Lespieau, Bull. Soc. chim 
1930, 6, 947. ‘CoCl, added 


etrahydrofuran was used resulted in the formation of a 17° yield of the acetyleni 
ol, at the expense of the desired alcohol. Attempts to employ ether or benzene as 
olvents gave virtually no acetylenic alcohol. 
Che reactions of ethynylmagnesium bromide so far investigated are indicated in the 


Armitage, Jones, and Whiting, /., 1952, 1093 
© Wotiz, Hollingsworth, and Deasy, /. Amer. Chem. Soc., 1955, 77, 103 
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Pabl For condensations with many saturated carbonyl compounds, and some a@ 
ethylenic carbonyl compounds, the Grignard reagent is little if at all superior to the mor 
easily prepare d sodium or lithium acetylides. When the substance to be condensed readily 
polymerises (e.g., cinnamaldehyde) or reacts with ammonia (chloroacetone), however, the 
new reagent is distinctly advantageous, The af-acetylenic aldehydes, in particular, could 
iot formerly be condensed with acetylene, whereas they now give high yields of the alcoho! 
C*CH(OH)-C#CH; recently a glycol, PreCH(OH)-C@G-CH(OH)-C8CH, of this type 
been prepared by condensation of propiolaldehyde with (effectively) an ethynyl 
carbinol,!' and these alcohols could presumably be obtained by using acetylenic hydro 
carbons instead, but the present route is much more convenient. Penta-1 ; 4-diyn-3-ol, 
an interesting and surprisingly stable compound, now becomes readily available 
Substitution of diacetylene for acetylene gave a reagent which converted acetone in 
15-50°% yield into the expected diacetylenic alcohol [his reaction also may have 


1 


nthetical value 


EXPERIMENTA! 


L:thynylmagnesium Bromide.—-A solution of ethylmagnesium bromide was prepared under 
gen from magnesium (4-8 g.) in dry tetrahydrofuran (140 ¢. While still warm, this was 
inted under nitrogen into a dropping funnel attached to a flask equipped with a gas inlet 
i mechanical stirrer, and containing tetrahydrofuran Acetylene, freed from 
by passage through a trap at 80°, was introduced until the liquid was saturated, and 
rhout the addition of the ethylmagnesium bromid lu The latter was added in 
portions, each addition being followed by a brisk frothing of the liquid which wa 
listinguished from the large bubbles of acetylene, ai vas allowed to subside before the 
ition If the temperature of the solution fell belo ibout 20°, crystallisation of the 
nesium bromide occurred to some extent, but the resultant suspension was ea ily 
m a dropping-funnel; at the end of the reaction the resulting solution of ethyny!l 
ium bromide also was saturated at about 25 nd yielded an easily stirred suspension 
hi 
\ddition of a carbonyl compound (0-14 mole) 1 equal volume of tetrahydrofuran with 
ling, followed by stirring overnight at room temperature, decomposition of the complex 
ith saturated ammonium chloride solution, and isolation by distillation gave the yields quoted 
in the cases of ethy] methyl ketone, chloroacetone, acraldehyde (experiment by Mk. IAN Brews 
crotonaldehyde, and hept-2-ynal 5. p.s and refractive indices agreed with literature value 
and the latter were constant to, at most, a range of 0-001 Acetophenone gave a mixture of 
the ethynylcarbinol and unchanged ketone, separated by chromatography on alumina, distil 
lation of the ether-methanol eluates, and recrystallisation of the alcohol from light petroleum 
giving needles, m. p. 49° (Zalkind and Ivanov * give m, p. 48-549 Cinnamaldehyde gave 
a product, b. p, 90°/1 mm., which at once solidified and is crystallised from light petroleum 
(b. p. 40-—-60°), then having m., p,. 67-—-68° (Jones and McUCombie ” give m. p, 66—-67°) 
1: 1-Diphenyvilbut-3-yn-2-ol Diphenylacetalde hyde (8-5 @ was treated with ethyny! 
iesium bromide, as above. Isolation of the product gave a syrup which solidified and was 
tallised from light petroleum (b. p, 40-—60°), giving ‘ alcohol as needles, m p. 73-74 
C, 86-45; H, 64. C,,H,,0 requires C, 86-45 , 635%) 
“nta-1 : 4-diyn-3-ol Ethyl formate (6 g.) in tetrahydrofuran (10 ¢.c.) was added at 0 


olution of ethynylmagnesium bromide, prepared as above from magnesium (6 g 


n ibove and distillation gave a fraction, b bath-temp.)/0-05 mm,, which after 


illisation from light petroleum had m. p. 51-52 pi M4 giy 1. p. 515-52 
2-Methythexa-3 : 5-diyn-2-ol,-A solution of ethylm esium bromide, prepared from ms 
nesium (4-8 ¢ in tetrahydrofuran (125 c.c.), was added during 1-5 hr. toa solution of diacetylene 
12-5 2.) in tetrahydrofuran (100 c.c.) with ice-cooling under reflux (carbon dioxide-acetone) 
After 30 minute tirring acetone (8 g.) in tetrahydrofuran (10 ¢.c.) was added during 30 min 


stirred overnight Isolation of e prog t nd distillation gave the 


iwher Khim., 1955, 25, 1101 
, Zhur. obshchei Khim., 1941, 11, 803 
ie, J/., 1942, 733 
him, France, 1939, 6, 947 
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diacetylenic alcohol (6-6 g., 45%), b. p. 36°/0-56 mm., ne 1-4935 (Armitage, Jones, and Whiting *® 
give b. p. 39-5°/0-5 mm., ni? 1-4938). Crystallisation of the distillation residue gave a small 
yield of 2: 7-dimethylocta-3 ; 5-diyne-2 ; 7-diol, m. p. and mixed m. p. 130--131°. 


One of the authors (L. S$.) thanks the Royal Norwegian Council for Scientific and Industrial 
Ktesearch fora Fellowship 
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931. Vhe Polycondensation of Benzyl Chloride catalysed by 
Stamnic Chloride." 
By L. VaLentine and R. W. WINTER. 


The kinetics of the polycondensation of benzy! chloride to form polybenzyl, 
catalysed by stannic chloride, have been studied. For each molecule of benzyl 
chloride consumed, one molecule of hydrogen chloride, the rate of evolution 
of which was measured, is evolved, Up to a catalyst concentration of 0-6m 
the rate is directly proportional to the concentration of catalyst; it then 
reaches a maximum at about 1-Im, and at higher concentrations becomes 
inversely proportional to the concentration of catalyst. Analysis of the 
conversion—time plots indicates that the reaction is of the first order in benzyl 


chloride, so that the empirical rate expression is 


d{HCl) /dt - d{ Ph°CH,Cl) /dt k,{(PheCH,Cl)[SnCl,}/(1 -+- &,[SnCl,] *) 
where kh, ~ 1-0, The activation energy is 7-9 kcal. per mole. The degree of 
polymerisation increases rapidly with extent of reaction at first, but becomes 
constant at extents of reaction >30%,. At high conversions the degree of 
polymerisation is independent of temperature or concentration of catalyst. 
lhe reaction appears to be a polycondensation process proceeding by a chain 
reaction; probable reactive intermediates are discussed. Infrared and 
ultraviolet spectra of the polymers show that the structure is the same for 
polymers isolated at all stages of the reaction under any reaction conditions, 
and are consistent with the highly substituted polybenzy! structure proposed 
by Haas, Livingston, and Saunders,* 


lune formation of a polymer from benzyl chloride, with the simultaneous evolution of 
hydrogen chloride, is an interesting example of a. polycondensation process initiated by 
Friedel-Crafts catalysts, Such catalysts almost certainly owe their activity in vinyl 
polymerisations to the formation of ionic active intermediates. In view of the possibility 
that the polycondensation of benzyl chloride might have mechanistic affinities with ionic 
chain reactions, and the fact that no systematic study of the reaction had been made since 
modern views of polymerisation reactions were formulated, the kinetics of the reaction 
were investigated. 

Kenzy! derivatives of many different types, ¢.g., fluoride,® chloride,’ bromide,® and 
alcohol,® give rise to polymers that are generally called polybenzyls, although several 
structures have been suggested. A good summary of early work is given by Shriner and 
Berger © and also by Haas ef al.* At the time this work was begun, it was thought that 
the polymers had a predominantly linear para-polybenzy] structure ® (I), although some 
workers * preferred the pendant, or polystilbene, structure (II). Flory 7 had suggested 

' A preliminary account of some of this work was presented at the International Symposium on 


Macromolecular Chemistry in Milan, 1954; Valentine and Winter, Simposio Internazionale di Chimica 
Ma 


romoleculare, Supplement to Ricerca sci., 1955, 25, 95 

* Haas, Livingston, and Saunders, /. Polymer Sci., 1955, 15, 503 
* Ingold and Ingold, /., 1928, 2249 

‘ 


Priedel and Crafts, Hull. Soc, chim. France, 1885, 43, 53; Jacobson, /. Amer. Chem. Soc., 1932, 


lwoeseken, Rec. Trav. chim., 1903, 282, 312; 1904, 23, 08 
hriner and Berger, ]. Org. Chem., 1941, 6, 305. 
ry, |. Amer. Chem. Soc., 1962, 74, 2718 
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that the polymers might be branched polybenzyls, as reaction can occur at any of the 
three ortho and para positions. In the preliminary account of this work } it was suggested 
that spectroscopic data ruled out structure (I), and that accepted views of the structure 
might need modification. Since then, it has been suggested,” on the basis of spectroscopic, 
oxidation, and degradation data, that the polymers contain a nucleus of almost completely 


n ae 


substituted benzene rings and have a periphery of pendant benzyl groups (III). In view 
of the uncertainty as to the structure of this interesting polymer, a re-examination of the 
pe tros opic evidence has been made. 

Although many systems of the type benzyl derivative-Friedel-Crafts catalyst give 
rise to identical polymers (see p. 4776), benzyl chloride-stannic chloride was preferred 
because the reaction mixture is homogeneous throughout the reaction. whereas some 
catalysts (aluminium chloride, ferric chloride) yield some polymer insoluble in any solvent. 


Pr Pt Ph Ph PI 
} | | | ! 
H CH CH H_¢ CH 
—— oie i} 
Ph CH py— CH, LZ p-cH af CH Pt 
\ i / i 
es e/ a 
H.C CH, HO CH | -_ 
Ate | hen CH 
H¢ ( 
Ph Ph Ph Ph | HM, 
PhCH, yo CH PCH Ph . 
| Y 
Ph CH ICH I CH 
ib | Naps 
CH,Pt Py 


EXPERIMENTAL 

Stannic chloride, benzyl chloride (redistilled), n-butyl alcohol, and dioxan were used as 
supplied (B.D.H.). Redistillation immediately before use of the benzyl chloride or stannic 
chloride did not affect the rate of the reaction. ‘‘ AnalaR "’ sodium hydroxide was used. ‘The 
benzene used in the viscosity determinations was also ‘ AnalaR,’’ redistilled from a trace of 
ale ohol 

Method of following the Evolution of Hydrogen Chloride rhe reaction was followed by 
measuring the amount of hydrogen chloride evolved, which is directly proportional to the 
amount of benzyl chloride consumed. The polycondensations were carried out in a Pyrex tube 
fitted with a rubber bung carrying an air bubbler; these were dried at 105° immediately before 
use. Benzyl chloride (10 ml.) was pipetted into the reaction tube and allowed to reach the 
temperature of the bath (10 min.); the catalyst was then added from a microburette and the 
time noted. Air, dried by bubbling through concentrated sulphuric acid, was passed through 
to carry off the gas evolved, which was absorbed in a vessel holding 1 1. of distilled water, fitted 
with a device for withdrawing 15-0 ml. samples of the solution, Complete dissolution of the 
hydrogen chloride was achieved by the use of a sintered-glass bubbler and rapid stirring, A 
constant rate of flow of air of 3 ml. per minute was used 

Samples of this solution were withdrawn and titrated with 0-01N-sodium hydroxide, bromo 
thymol-blue being used as indicator. Readings were taken initially every two minutes at 80°, 
and every five minutes at 0° and 25°; occasional readings were taken up to 3 —6 hr., and finally 
a reading was taken after 24 hr. 

All reactions were carried out in a thermostat bath controlled to +.0-05°. 

Isolation of Polymer.—Two methods were used, depending upon whether the reaction went 
to completion (Method A) or not, 

Method A. Dioxan (60 ml.) was added to the reaction mixture and the resulting solution 
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then added drop by drop to a large excess of ice-cold water, with constant stirring, the white 
precipitate being filtered off and dried in vacuo at room temperature 


contained a fraction (1-—3% 


The crude product 
3%), insoluble in organic solvents but 


~luble in hydrochloric acid 
characteristic reactions of tin, which was filtered off before the polym« 
reprecipitated from a solution in dioxan and dried as above. 
Ucthod B, Method A proved unsatisfactory if the polymer wa 
hen oily, 


tT was 


isolated at low extents of 
discoloured products containing catalyst were obtained 


gutyl alcoho! 
25 mil vhich dissolved the reactants but not the polymer, was added to stop the reaction, and 
the mixture stirred for 24 hr two further extractions with butyl alcohol were then made 
The polymer is then filtered off, dissolved in dioxan, precipitated in water, and dried as 


no fraction insoluble in organic solvents was ever found 
General Viscosity measurements were made in an Ubbelohde suspended-level viscometer, 
dified to allow dilutions to be carried out in it. 

and filtered through a No 
filter was used 


olvent 


Solutions of polymer were made up in benzene 
3 or 4 sintered-glass crucible; reproducibility was better if a No. 4 


The concentration of the final stock solution was determined by evaporation 
ot the 


Ultraviolet absorption spectra were determined on a Unicam spectrophotometer, chloroform 


olvyent and 1 cm. cells being used. Infrared absorption spectra were determined by D1 
J. H. Towler and Mr. B. H. Holland, of the University of Leeds, using a Grubb-Parsons single 
i) instrument, or by Dr. EF, Rothstein, also of the University of Leeds, using a Grubb-Parsons 


double-beam instrument, both with sodium chloride prisms, Over the range 1650—650 cm."', 
1 jutions in carbon disulphide were used, whilst over the range 2000—1650 cm.', 50% 
iti in carbon tetrachloride were used, Chlorine analyses were made commercially 
RESULTS 
Kinet fudve Despite the simplicity of the experimental techniques, the rates of evolution 
hydrogen chloride were reproducible, The mean of at least two values, which usually agreed 
) thin 5%, was used 


Variation of the rate of passage of air through the reaction tube from 
1 to 5m. per minute (30-160 bubbles) did not affect the 1 
Lnder certain condition 

1 no such effect 


ults, nor did substitution of nitrogen 
glass catalyses the polymerisation of aralkyl halides,’ but 
) f the Reaction.—-Complete (1.¢., 100%) reaction is defined as the 


theoretical yield of 
i chloride in the reaction 


nC, H,Cl —» (C,H,),_,°C,H,Cl + (n — 1)HCI 


vhere n 1000 
lbrom this equation, 10 ml, of monomer (d 1-105), the amount always taken in this work, would 
rive t ields of polymer and hydrogen chloride in Table | for various degrees of polymerisation 
TABLE | 

Le e of polymerisation 2 { 6 10 17 2 1000 

\ nt of HCI (g Lov 2-58 2-66 87 3-00 S13 319 

nt of polymer (g U4 865 8°36 817 8-06 7 7°86 

At 0 faint straw colour appears within 30 se at higher temperatures the inte I 
ter ) gas is evolved until the solution is orange Ihe colour intensifies throughout the 

1 is deep red after about 12% reaction Ihe viscosity also increases and b 

60-70% reaction the reaction mixture is a dark reddish-brown semi-solid mass expanded by 
of hydrogen chloride, Despite the great alterations in the nature of the reaction 
l , the evolution of hydrogen chloride was smooth and continuous until reaction was 

il reaction curves at 0°, 25°, and 80°, for use of 0:165m-stannic chloride, are shown 

I | \t all temperatures there is a short induction period (0---4% reaction) followed by a 

ive period (440% reaction) over which the rate is practically constant, and finally b 

t is decrease in rate until the end. If a further 10 ml, of benzyl chloride were added 

t tion that had reached 56% conversion and was showing the normal rapid decreass 
in ither long period of constant rate (80% of the initial constant rate) was found rhis 

h t 


t consumption of catalyst must be very small 


Q er and Wit, He Tra him., 1938, 87, 1117 
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\ satisfactory mass balance between monomer and yield at 24 hours’ reaction of polymer 


and hydrogen chloride was achieved (see Table 2) rhe sum of the weights of polymer plus 
hydrogen chloride is always 3—7% less than the weight of monomer introduced, probably 
Fic. | Course of reaction al various lemperat for ncl, 0-165m 
o- 
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0 0165 7°30 2-70 10-50 70 0-166 760 3-05 10-65 
0 O-325 731 2-00 10-21 SU 0-165 7°47 306 10-62 
25 0-165 7°75 2-73 10-45 Theoret l for 100 


reaction 7-86 319 11-05 
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owing to hydrogen chloride remaining in the reaction mixture, a loss of low molecular-weight 
polymers in the precipitations, and, at high temperatures, volatilisation of benzyl chloride. 

Ihe residual monomer at various extents of reaction was estimated by subtracting the 
sum of the weights of polymer and hydrogen chloride from the weight of monomer originally 
present. As shown in Fig. 2, the amount of monomer decreases linearly with extent of reaction ; 
under these conditions ({SnCl,] = 0-165m, 25°) the evolution of hydrogen chloride does not 
exceed about 91%, reaction. However, there is no doubt of the linear correspondence between 
evolution of hydrogen chloride and consumption of monomer. 
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Variation of Rate with Catalyst Concentration.—The effect on the rate of varying the concen 
tration of catalyst is shown in Fig. 3, At all three temperatures the rate of evolution of hydrogen 
chloride is at first directly proportional to the catalyst concentration (0 to 0-6m), then reaches 
a maximum when the concentration of stannic chloride is about 1-0m, and thereafter declines 
rhe rate at high concentrations of catalyst at 0° is inversely proportional to the catalyst 
concentration, and although there are fewer data at the higher temperatures, the general 
similarity of the curve’ makes it probable that a similar inverse relationship exists, 

No account has been taken in Fig, 3 of the dilution of monomer by catalyst; for example, 
at the very highest concentration of catalyst used, the monomer concentration is only 5-82, 
compared with 8-74m for pure benzyl chloride. Even if this decrease is allowed for (on the 
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sssumption that the rate is of either first or second order in monomer concentration), the 
maximum is still found, although at a greater concentration of catalyst 

Order of Reaction with Respect to Monomer.-No experiments at varying concentration of 
monomer were made, but the kinetic order can be deduced from data on the extent of reac- 
tion as a function of time. The rate equation for a first-order reaction is —kt «= In M/M, 
In (1 p), where # is the rate constant, ¢ the time, /,, M the concentrations of reactant initially 
and at the time ¢, respectively, and p the fractional extent of formation of products, A plot 
of the logarithm of residual monomer against time (Fig. 4) is linear over a wide range (0-——-75% 
reaction), showing that the reaction is of the first order in monomer Ihe results have been 
corrected for the existence of an induction period of 26 min 

\nalysis of the results of evolution of hydrogen chloride also indicates a first-order reaction, 
as shown in Fig. 4; log (1 p) is a linear function of time over the range 060% reaction, if 
the induction periods are corrected for, in experiments at 25° and 80° ([SnCl,) 0-165). 
Similar analyses result for other temperatures and concentrations of catalyst The agreement 
between these two kinetic analyses is strikingly shown by the plots of the results for the 
experiment at 256°, both the evolution of hydrogen chloride and the consumption of benzyl 
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chloride fitting the same first-order plot At very high degrees of conversion, a second-order 
plot fitted the results better 

The Induction Period.—-Induction periods were estimated as the intercepts on the time axis 
of the linear portions of the plots of extent of reaction against time As shown in Fig. 5, ata 
given temperature the induction period first decreases with increasing catalyst concentration, 

ifterwards virtually independent of the concentration, and finally at very high catalyst concen 
trations increases again. ‘This is almost the inverse of the relation between rate and catalyst 
concentration. At 70° the induction period is so short (1-3 min.) that the experimental error 
is too large for any conclusions to be drawn 

Various experiments were made to ascertam if the induction periods were real 
pectrophotometric investigations of the development colour revealed that the optical 
density initially increased almost linearly with time and then at an accelerating rate, until 
evolution of hydrogen chloride made further readings impossible. The induction periods in 
these experiments (in loosely stoppered test-tubes) were almost ¢ xactly the same as those 
found in the standard apparatus, suggesting that the induction periods are real. Benzyl 
chloride presaturated with dry hydrogen chloride gave no induction period, as shown in Fig. 6, 
but the desorption of monomer saturated with hydrogen chloride, but free from catalyst, had 
an induction period of about 10 min. It is difficult to reconcile these results. Most of the 
evidence, including that on the reaction between stannic chloride and polymer (p, 4776), 
upports the view that the induction periods are real, although the true kinetic induction periods 
may be shorter than the measured values 
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{ctivation Inergy Activation energies were calculated from the results represented in 
Fig. 3 4s long as the rate is first-order in catalyst concentration, the activation energy (/ 
is Bd ke per mole, but there is a slight tendency for it to increase at high catalyst concen 
tration hown by the following figures (£ in parentheses following stannic chloride molarity) 


00-60 (4-1), 0-77 (8-2), 1-00 (8-2), 1-95 (8-6), 2-81 (9-0 
he ffect of Water Water is often an essential cocatalyst in Friedel-Crafts polymerisations,® but 
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in the present reaction it appears to have merely a retarding effect, as shown in Fig. 7 Redistil 


lation of the monomer immediately before use did not affect the rate, but redistillation followed 
by drying with anhydrous calcium sulphate for 16 hr. caused a 35% increase in rate rhe 
general course of the reaction was exactly the same at all concentrations of water, even the 
slowest rates suffering a further decrease at long times of reaction, although the extent of 
reaction was less than 5% Even when sufficient water had been added to form stannic chloride 
pentahydrate, the rate was still 27% of the value in the absence of water, although the solid 


° | i ind Polanyi, /., 1947, 252 Pepper Ouart. Rev., 1954, 8, 100 
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pentahydrate had no catalytic effect whatever Che induction periods were unafiected by the 


presence of water 

Volecular-weight Measurements. 
the molecular weight, Bezzi's relation ® between the cryoscopic molecular weight (M) and the 
viscosity of benzene solutions of polymer, prepared with aluminium chloride as catalyst, being 
4-01 x 10%M, where », 7, are the viscosities of solution and solvent, 
In the units now approved," 


The limiting viscosity number was taken as a measure of 


used 1Z., (1 — No) / Nol 
respectively, and cis the concentration in base moles per litre 
4-46 « 10°M, where ¢ is now in g. per ml Bezzi apparently measured the 


r rf 
in this work, the data 


‘ Ou ” 
viscosity number [(7 No) (Nef) in the range « 0-01—-0-03 g. per ml 
were extrapolated to zero concentration, but the limiting viscosity numbers (/4|) so obtained do 
not differ from the viscosity numbers at ¢ 0-01-—0-03 g. per ml. by more than 8%. As the 


viscosity ratio (7/y) was never greater than 1-8, even for 10% solutions, the experimental error 
in measuring the viscosity number is rather high 


In Table 3 the results of the viscosity measurements are summarised; all the polymers were 


obtained after 24 hours’ reaction. 


: 


IG. 8 Variation of molecular weight 
with extent of polymerisation at 25 
Sncl, 0 165m 

a, Theoretical curve fora polye ondens 
ation mechanism 


Molecular weight 


i ‘ 4 - a ae 
02 O4 06 08 /0 


Extent of reaction 


[he molecular weight is independent of the concentration of catalyst, and practically 


independent of the temperature, although there may be a slight rise in molecular weight as the 


temperature is increased, from about 1000 at 0° to 1150 at 70 There is a definite increase 


in molecular weight with increasing extent of reaction, as illustrated by the results in big. 8 


TABLE 3. Viscosity and molecular-weight determination 
0 25 70 

n M VW f V hk 
0-084 900 1100 O86 
O- 165 j 1030 1°33 1140 OOS 
0-246 fii-t 1200 O66 

325 1220 O-w4 
(475 2 o40 f 1100 
o-7o6U 440 

110 f 1110 
I-41 f 1130 

1-05 11o0 
2°42 1030 

Mean 4 ovo § 1i2o 


1140 OOS 
1180 ORT 


1050 1-08 
lito Og2 


At an extent of reaction of about 30-40%, however, t ar weight becomes independent 


of the conversion 
As all the plots of viscosity number against concentratior 
0-1 g. per ml,, they were interpreted in terms of Huggu equation (7 he) 


were linear, up to concentrations of 
Nol , hen \% 


liezzi, Ga tla, 1936, 66, 401 
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From the values of hk’ listed in Table 3, there appears to be a fall in the value of 4’ as the tem- 
perature of the polycondensation is raised, There is a wide scatter in the values of k’, however, 
because of its extreme sensitivity to changes in the value of (7) for small values of [7). 

Reaction between Stannic Chloride and Polymer.—As mentioned above, an intense red colour 
develops during the reaction. Similar colours are often found in Friedel-Crafts reactions, 
eg., the aralkylation of benzene with benzyl chloride,” but in the present reaction the colour 
may be partly due to reaction between polymer and catalyst. Solutions of the pure polymer 
in benzene, chloroform, ethylene chlorohydrin, or mesityl oxide give intense red colours as soon 
as stannic chloride is added, which fade slowly. Aluminium chloride and sulphuric acid give 
similar effects, and both stannic chloride and aluminium chloride cause a similar colour reaction 
with solid polybenzyl. No simple benzene derivatives gives a red colour with stannic chloride, 
although several give a pale yellow colour. (Benzene, toluene, chlorobenzene, and polystyrene 
give no colour at all.) If stannic chloride is added to a solution of purified polybenzyl in benzy! 
chloride, an intense red colour develops instantaneously. The red colour persisting throughout 
the reaction may then be due to interaction between polymer and catalyst, and the slow 
development of colour in the induction periods is probably associated with the slow initial 
formation of poly benzyl. 

Structure of the Polymer.-I nfrared spectra, The infrared spectrum of a polybenzyl prepared 
at 25° with a concentration of catalyst of 0-165m has been reproduced.'. Other workers? have 
obtained similar spectra, and from these and oxidative studies proposed the highly substituted 

tructure (III If the polymer is indeed highly substituted, it is important for the kinetic 
tudies to determine the structure as a function of conversion. Accordingly, infrared spectra 
were determined of polymers isolated at the extents of reaction at 25° shown in parentheses 
from polymerisations with the following stannic chloride molarities : 0:165m (10, 25, 65, 75%), 
0-40m (25, 40%), 141m (30, 75%) In addition, polymers isolated after virtually complete 
reaction with the following catalyst concentrations and temperatures were also examined 

33m (0°), 0-165m (25°, 80°). In every case, the spectra showed essentially the same features, 
viz., two very strong bands at 697 and 727 cm,.", with an inflection at 743 cm.", and no other 
bands in the region 700—-820 cm.~! that are characteristic of other types of aromatic substitution. 
jmall variations in the intensities, but never in the frequencies, of the bands occurred. The 
polymers prepared by the action of concentrated sulphuric acid on benzyl alcohol, or aluminium 
chloride on benzyl bromide, also have the same infrared spectrum and presumably the same 
structure 

The spectra were also determined in the region 1650-—-2000 cm.“!, which usually affords one 
of the best methods for the identification of benzene-ring substitution. However, the results 
were inconclusive. All polymers showed three bands at 1970, 1930, and 1885 cm.~, of gradually 
diminishing intensity as the frequency is reduced, followed by a strong band at 1810 cm.” 
[his pattern differs from all the standard types listed by Young et a/.,¥ but is not inconsistent 
vith a structure composed of both highly substituted and monosubstituted rings 

Ulivaviolet spectra, The ultraviolet spectra of two polymers prepared by using stanni 
chloride as catalyst have already been reproduced.!. The main feature is a broad absorption 
band over the region 250-290 my, with three small peaks at 264, 266, and 270 my, the last 
being the main peak Polymers prepared at 0°, 25°, and 80°, at various catalyst concentrations, 

| have the same spectrum, and the specific extinction coefficient, E {(optical density)/(path 
length in em.)(conen, in g. per 1.)], is b-1—65-7. Polybenzyls prepared from benzyl alcohol or 
benzyl bromide have very similar spectra, although the extinction coefficients are somewhat 


higher 


DISCUSSION 


tructure of the Polymer.—Our infrared results almost completely agree with those of 
Haas and his co-workers, in that there is no evidence of any type of benzene substitution 
other than monosubstitution in the characteristic region 700—850 cm.'. As polymer: 
of virtually identical infrared spectra were obtained with a wide variety of initiators and 
benzyl monomers (in addition to those studied by us, the systems benzyl chloride—ferri« 
oxide and benzyl! fluoride-sulphuric acid also give polymers of identical spectra *), it seems 


| /, 1003, 83, 1470 
Young, duVall, and Wright, Analyt. Chem., 1951, 23, 709 
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that all benzyl derivatives give polymers of essentially the same structure, no matter what 
catalyst is used. (This applies only to soluble polymers; some systems give insoluble 
polymers whose structures have not been determined.) The main difference between the 
present work and the previous infrared studies is that we find only two bands (at 697 and 
727 cm.-', infl. at 743 cm.~), whereas Haas ef al. report three bands, at 675, 695, and 725 
em.?. (The actual wave numbers were not quoted in the paper, but have been read from 
a spectrum kindly provided by Dr. H. C. Haas, whom we thank.) It is not clear why the 
band at 675 cm.-1, which is attributed to a rocking vibration of the methylene group, 
should be absent in our polymers, but neither analyst found any trace of it. It is significant 
that the polymer has the same structure at all stages of the reaction, at least from 10%, 
reaction onwards, as shown by the identity of the spectra in the regions 700-850 em.! 
and 1650-2000 cm.-}, 

The ultraviolet absorption spectra of all the polymers were also virtually indistinguish- 
able. Although the general shape of the spectra is in accord with that expected for 
structure (III), the magnitude of the extinction coefficient is not. Monosubstituted 
benzenes generally have values of E of about 2, whilst the polybenzyls have values of 
5 to 6. para-Substitution is usually the only type that gives rise to extinction coefficients 
of this magnitude for unconjugated hydrocarbon substituents, but in view of the strong 
evidence against para-substitution, the high absorption must be attributed to other, 
unknown, causes. 

Unequivocal proof of the structure has not yet been attained, but as structure (I11) 
provides the best explanation of the widest range of data, the discussion of the mechanism 
will be made on the assumption that the polymer has this structure, although the presence 
of small amounts of other structures cannot be ruled out. Chlorine contents of polymers 
prepared at various temperatures and catalyst concentrations ranged from 0-5 to 3-0% 
and showed no obvious dependence on either variable. The average value was about 
1°/,, corresponding to the termination of only one polymer molecule in three by a chloride 
atom. The terminal chlorine atom may react with a side-chain benzyl group to form a 
dihydroanthracene derivative, ¢.g., 


Such terminal groups would probably not be detected in either the infrared or the ultra 
violet spectra. Cyclisation reactions of this type may also explain why in some reactions 
(see, ¢.g., experiments at 70° and 80° in Table 2 and Fig. 1) the yield of hydrogen chloride is 
greater than that expected for polymers of a degree of polymerisation of about 12 

Mechanism of the Reaction.The results given above show unequivocally that the 
mechanism is not of the normal polycondensation type, in which the degree of polymerisation 
increases as the reaction proceeds in accordance with the equation: Degree of polymeris 
ation = 1/(1 — ~). As shown in Fig. 8, the molecular weight of the polymer becomes 
constant after 30° reaction. The behaviour expected in a stepwise polycondensation, 
shown in the same diagram, bears no resemblance to the experimental results. Attainment 
of a constant molecular weight early in the reaction is typical of chain polymerisations 

It has been suggested ™“ that the molecular weights may be invalid because the degree of 
branching of the polymer may increase with extent of reaction. However, as the polymers 
have the same structure at all stages of the reaction and irrespective of the catalyst used, 
they would all be expected to satisfy the same relation between limiting viscosity number 
and molecular weight. The molecular weights are very low—too low, in fact, to permit 
the high degree of substitution and branching demanded by structure (II1)—and Bezzi's 
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calibration may be in error. This would not affect our conclusions, but merely the absolut: 
values of the molecular weights 

Another criterion of a normal polycondensation is that the weight-fraction of monomer 
at any stage is given by (1 p)*, whereas for addition polymerisations the weight fraction 
is simply (1 — p). It is obvious from Fig. 2 that a stepwise polycondensation is ruled out 

The reaction is undoubtedly in many ways a typical Friedel-Crafts one, the main 
complications arising from the polymeric nature of the product. When this work was 
begun, we thought the reaction probably involved benzyl cations, ¢.g., 


Ph-CH. Cl + SnCi, === PhCH? + SnCiC 


a 
Ph CH*® + Ph CH.C} > PhCH, Y CHCl 
/ 
+ 
H, / 

Pp) 4 ¥ SCH Ci 2 Geel —_™~ Ph CH ACH, Cl + HC! + SnCl, 

] / i\ / ? 

(IV) 


Polymers may readily be formed by reactions such as these on the dimer, trimer, et 

his view of the reaction was in harmony with the then accepted picture of Friedel-Crafts 
reaction since then, however, H. C. Brown has suggested (see, ¢.g., reference 15) that in 
the alkylation of aromatic compounds by primary halides, an un-ionised complex between 
the catalyst and the alkyl halide is involved, e.g., 


RX + MX, = RXIMK, 


Brown and Wallace '® have shown that the kinetics of the reaction of 3: 4-dichloro 
benzyl chloride with benzene are incompatible with the ionisation mechanism, but are in 
agreement with those expected from the displacement mechanism. A similar reaction 
«heme can be applied to the autocondensation of benzyl chloride, if further benzylation of 
the primary product (IV) is allowed for. [If structure (III) is accepted as correct, reactions 
involving the attack of the chloromethyl group of the polymer on monomer can be largely 
climinated, as these could not lead to a highly substituted structur 

However, it is difficult on either of these reaction schemes to explain the chain charactet 
of the mechanism. Haas et al. have suggested that after the formation of the dimer, 

ubsequent benzylation is much more rapid. In terms of a chain reaction, the formation 
of the dimer may be regarded as the initiation step (slow), which is followed by the propa 
gation steps of benzylation of the nuclear positions of the dimer (rapid). The termination 
tep may be non-existent in that the reaction may simply stop when all the nuclei of the 
dimer are substituted. It may be significant that all the molecular weights correspond to 
that of the completely substituted dimer (1025). The amorphous nature of the product, 
however, and its mechanical behaviour suggest that it is a mixture of polymers. 


brown, Pearsall, Eddy, Wallace, Grayson, and Nelson, /. Amer. Chem. So 1953, 75, 1462 
rown and Wallace, iid p. 6285 
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a reaction might take place by way of either benzyl cations or complexes of 


Such 


le 
nonomer with stannic chloride, the latter possibly being =-complexes, ¢.g., 
Ph- CHCl + Sncl, —= 4 CH, Cl 

+ 
’ 
nC, 

/ / J \ 

4 CH,Cl + PhCH,Cl > \ yp CH, Ch Pm Q& , ACH,Cl + HC 


if \ i), 
, x ’ “CH Ph 


Ph:CH,Cl —© S$nCl, SnCl, 


wv e+ 


The compiex between dimer and catalyst could then be further substituted, and so on 
rhe chain would be terminated by elimination of the catalyst. Any mechanism must 
allow for regeneration of catalyst, which was demonstrated by the effect of adding fresh 
monomer to a partially reacted mixture (p. 4770). Each molecule of catalyst must be 
capable of converting about 100 monomer molecules into ten polymer molecules, since a 
catalyst concentration of 0-08mM is sufficient to convert completely 8-74mM-benzy! chloride 
into decamer 

However, elucidated only when 
ordinary Friedel-Crafts reactions are better un: 

At high concentrations of catalyst, additional complications arise 
ion that fits the data at all temperatures and concentrations of catalyst is 


the exact nature of the reaction will probably be 
ler tood 


rhe empirical 


rate expre 
di! HCI) /de ky Snf l, Mi/(1 k,{Snk l, =) 


SsnCl,| ~ 1-Om 


ntration curve occurs at 
1 


Since the maximum of the rate-catalyst cone 
it all temperatures, differentiation of the above expression and substitution of (SnCl, 
value of k, of 1. The inhibiting effect of high concentrations of catalyst is perhaps 

reactions at molar concen 


well-kmown changes in Friedel-Craft 
ubstitution.’? As the polymer 


the change in orientation of 
has the same structure and molecular 


Stannic chloride may form two 


vields ; 
analogous to other 
trations of catalyst, ¢.g., 
prepared at high concentrations of catalyst still 


weight, the mechanism is probably essentially the 


Linie 
only one of which is active, the inactive form being favoured at high concen 


comple K¢ 

trations of catalyst 
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932. U'he Polarography of Some Simple Pyrazine Derivatives. 
L. F. Wiccins and W. S. Wise. 


imple pyrazines have been found to give rise to three polarographi 
aves Ihe first wave is due to a two-electron irreversible reduction, 
probably to a dihydropyrazine. The variation with pH of the half-wave 
potential indicates a pk, of 3-6 for tetramethylpyrazine, but lower values for 
the other pyrazines investigated. This has been confirmed by the spectro 
photometric determination of the dissociation constants. The other pyrazine 
waves are not simple diffusion-controlled waves. 

DURING investigations of the products of the reaction of molasses with ammonia, it wa 
found ' that polarographically active substances were formed which were subsequently 
identified as simple pyrazine Little has been reported on the polarography of 


pyrazine ‘and the polarographic behaviour of some simple derivatives has therefore been 


examined 
lhe pyrazines investigated gave polarographic reduction waves over a wide range of pH. 


In pure solutions there were very pronounced maxima but these were easily eliminated by 
the addition of gelatin. A typical polarogram is shown in the Figure for tetramethylpyrazine 


Polarogram of tetramethylpyvazine in M-phosphate buffer 
of pil 6-9 containing 0-004% « f gelatin 


1 
4a /4 


Volts (SCE) 


in a phosphate buffer of pH 69. Three waves can be distinguished. The first wave, 1.¢ 
that at the most positive potential, remained unchanged in height over a wide range of pH 
for a given pyrazine concentration. The heights of the second and the third wave were 
dependent on the pH of the solution. At pH about 1, the two waves became merged and 
the total wave height was roughly equal to that of the first pyrazine wave. As the pH 
was increased, the heights of the second and the third wave decreased until by pH 9 they 
had disappeared, The other pyrazines investigated behaved similarly 

Che lirst Pyrazine Wave.—The height of the first pyrazine wave was proportional to 
the pyrazine concentration (0-1—10 mm) for all the pyrazines investigated, and the limiting 
currents were not affected by the gelatin concentration, below 0-05%, when the pH of the 
olutions was below 7. In more alkaline solutions the wave became badly shaped and the 
limiting current decreased slightly with increasing gelatin concentration. The wave height 
was approximately proportional to the square root of the height of the mercury reservoir 
o that it is a normal diffusion-controlled wave 


' Wiggins and Wise, Chem. and Ind., 1055, 656 

* Bonito, Pontif. Acad, Sci. Acta, 1945, 9, 65 

* Mader and Irediani, Analyt. Chem., 1948, 20, 1199: Rickes, Trenner, Conn, and Kereszt: 
J. Amer. Chem. Soc., 1947, 69, 2751; Allen, Pasternak, and Seaman, ibid., 1952, 74, 3264 
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Values for the diffusion-current constant, /,, as defined by Lingane,‘ are given in 
Table 1. 


TABLE 1, Diffusion-current constants of pyrazine derivatives 
M-Phosphate buffer, Mm-Acetate buffer, 
Pyrazine M 0-5N-HC] pH 3-06 pH 4-39 
Methy . seven , 4 3-83 3-73 3-59 
2: 5-Dimethyl see 108 3-70 3-46 3°42 
I y 136 345 326 S16 
5 
2 


213 2-08 2-80 2-83 


5-Bis-(p-arabotetrahydroxybutyl gen 320 310 280 271 


rhe number of electrons involved in the reaction at the dropping-rercury electrode was 
tablished as two by using the coulometric technique.® 

Logarithmic analyses of the waves did not give the slopes (0-030) expected for an 

ordinary two-electron reduction, and the slope was dependent on pH, as shown for exampk 


by the results for tetramethylpyrazine in Table 2. It is therefore evident that the first 


TABLE 2. Variation of slope of log plot with pH for tetramethylpyrazine 
pH islewans 13 2-7 3-3 4:7 6-2 73 
lope of log plot . 9049 0-049 0-046 0-042 0-033 0-031 

pyrazine wave represents an irreversible two-electron reduction. The most likely reaction 
product is a dihydropyrazine 

Dissociation Constants of the Pyrazines.—Your of the pyrazine derivatives investigated 
gave a linear relation between half-wave potential and pH of the form —E, = Ey + 0-O85pH. 
Values of ky for the different pyrazines were: 2-methyl, 0°32; 2: 5-dimethyl, 0°35; 
5-(p-avabotetrahydroxybutyl)-2-methyl, 0-34; 2: 5-bis-(p-arabotetrahydroxybutyl), 0-34. 
rhe half-wave potentials of these pyrazines were therefore almost identical at all pH values 
letramethylpyrazine behaved differently, and its half-wave potential can be expresssed as 

ky 0-48 0-059pH below and as ky 0°38 + 0-O87pH above pH 3°6. 

rhe variation of the half-wave potential of pyrazines with pH indicates that hydrogen 
ions are involved in the electrode reduction, as would be expected if the reduction product is 
a dihydropyrazine, although the theoretical slope of 0-059 is only found for tetramethyl 
pyrazine below pH 3-6. The results for this pyrazine suggest that it has a pA, of 3-6; 
below pH 3-6 the salt is reduced and above pH 3-6 the free base. The other pyrazines did 
not appear to form salts at a pH within the range of the polarographic investigation. 

rhe dissociation constants of the pyrazines investigated have not been recorded, 
although that of pyrazine itself is known.® The ultraviolet absorption spectra of pyrazine 
in sulphuric acid solutions 7 suggested that the dissociation constants could be measured 
spectrophotometrically,® and it was in fact found that the spectra of the salt form and of the 
free base were sufficiently different. As expected,’ the absorption peak of the former was 
always at a higher wavelength than that of the latter. The wavelengths of the peaks and 
pA, values are given in Table 3, which shows that the pyrazines are very weak bases. The 
pK, is increased by the successive introduction of methy! groups, but the tetralhydroxybuty! 
side-chain has no influence. Tetramethylpyrazine is the only one investigated having a pK, 
within the region where an inflexion is evident in the curve connecting half-wave potential 
with pH. The value of the dissociation constant of tetramethylpyrazine obtained spectro 
photometrically agrees well with the value suggested by the polarographic measurements 

rhe spectrum of 3 : 6-ditsobutyl-2-hydroxypyrazine was also determined. As will be 
seen from the absorption peaks, this compound differs markedly from the other pyrazines. 
Moreover, there was a further variation in the spectra for alkaline solutions; this difference 
was not large but corresponded to an ionisation at pH 10, probably due to the ionisation of 


* Lingane, Ind. Eng. Chem. Anal., 1954, 15, £88 

* Wise, unpublished results. 

* Albert, Goldacre, and Phillips, /., 1948, 2240 

’ Halverson and Hirt, J. Chem. Phys., 1951, 19, 711 
Beale, /., 1954, 4494 
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the hydroxy-group There is, however, the possibility of tautomerism in 2-hydroxy 
razines, a8 has been found for the analogous pyrimidine and pyridazine derivatives.® 
Lhe Other Pyranne Wave These were not investigated in great detail as they wer 
found t to be simple diffusion-controlled waves [heir heights were not accurately 
proportional to pyrazine concentration and were affected by the concentration of gelati: 
In solutions of higher pH, where the wave heights were comparatively small, they becam 
PaBL_e 3. Absorption peaks and pK, values of pyrazine 
Pyrazine alt, my Pree base, mu pk. 
Unsubstituted ‘ 0-6 
Viethyl 80) 70 1-4 
4 > Dimethyl 200 275 1 
letramethyl bee 300 double peak 3°79 
»-(b-avaboTetrahydroxybutyl)-2-methiyl 285 275 14 
4 ! p-avaboTetrahydroxybuty! 200 275 7 
$: 6-Ditsobutyl-2-hydroxy 350 330 1 
LABLE 4 Dependence of wave heights on mercury pressure 
Pre re, cm 66 47 36 $1 
J t wave, pA 7 38 34 30 
‘ nd wave, vA 0 1-8 | 1-7 
! ive, wA 10 10 0-9 0-9 
independent of the height of the mercury reservoir rhis is illustrated (Table 4) for a 
olution which contains 53 * 10“m-tetramethylpyrazine and 0-004°%, of gelatin in M-pho 
hate buffer of pH 69. This behaviour is typical of waves controlled kinetically; !! 


ives are often found for heterocyclic nitrogen compound 


KE XPERIMENTAI 


Met! | 2; 5-dimethyl-pyrazine were purified via the picrate from samples kindly 
the Wyandott Chemicals Corporation retramethylpyrazine was prepared by the 
react f ammonia with 6-bromolavulic acid,” and 2: 5-bis-(p-arabotetrahydroxybut 
py! e from fructose and methanolic ammonia.* The specimen of 5-(p-arabotetrahydroxy 
but )-methyl pyrazine, m, p, 202°, was isolated from the reaction products of invert sugar 
ind ammonia (Davison and Wiggins, unpublished results 3: 6-Diusobutyl-2-hydroxypyrazine 
vas kindly given by Professor F. 5. Spring 
measurements were carried out with a Radiometer type PO3h polarograph at 25 O-5 
Lhe capillary used had a value for m**/"/* of 2-75 at the top of the first pyrazine wave in 0-5N 
hydrochloric acid Half-wave potentials were measured against a saturated calomel electrode 
by re ‘ the polarograms manuaily with a mercury-pool anode and measuring the potential 
the dropping-mercury electrode against a standard calomel electrode with a Cambridg: 
meter [he gelatin solution used was freshly prepared each d 
Diss tion constants were measured with a Hilger Uvispec spectrophotometet [hie 
ectra of the salt forms were measured in 2N-hydrochloric acid and of the free bases in water 
| dilute sodium hydroxide Ihe spectra when both form ere present were recorded in 
hvdrochloric | 


acid solutions of pH approximately equal to the py, of 


, of the pyrazine, except for 
tetramethylpyrazine when a 2mM-acetate buffer was used rhe pH of the solutions was 


measured with a Cambridge pH meter Che pX, values are not corrected for salt effects 
Phu ork 3 ponsored by the British West Indies Sugar Research Scheme and the Sugar 
Kesearch Foundation of the United States of America 
LLEGI F LROPICAL AGRICULTURI 
Vi ap, B.W.1 l, June 25th, 1956 
Mar ill 1 Walker, / 195L. 1004 
) end, lurton, and Wiggins, /. 1950, 3505 
1 Lingane Polarograp! nterscience c 152 7 
/ 1887, 20, 428 
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933. Hxperiments on the Preparation of Indolocarbazoles. Part 1X.* 
The Preparation of 9-Methylindolo(2’ : 3'-1 ; 2)carbazole. 


» 


By R. J. Brunton, F. K. Drayson, (the late) S. G. P. PLANT, 
and Muriet L. TomMLinson 


rhe preparation of 9-methylindolo(2’ ; 3’-1 : 2)carbazole is described it 
has been shown that Brown and Nelson's method of reducing nitro-compounds 
with hydrazine and Raney nickel is very suitable for the preparation of amino 
tetrahydrocarbazoles. 


> Soa 


FROM 8-amino-1:2:3:4 tetrahydro-9-methylearbazole (1; R Me),5:6:7:8:4':5':6';7 
octahydro-9-methylindolo(2’ : 3’-L : 2)carbazole (Il R Me) has been prepared by 
condensation with 2-hydroxyeyclohexanone ; it has been successfully dehydrogenated to 
§-methylindolo(2’ : 3’-1 : 2)carbazole (III; R Me), the first derivative of the indolocarb 
azole (III; R =H) to be obtained. Derivatives of all but one, namely indolo(3’ : 2’-2 : 3) 


carbazole (IV), of the five isomeric indolocarbazole systems, are therefore now known.':*.44 
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Attempts to prepare the parent substance (III; RK ~ H) from 8-amino-l : 2: 3: 4-tetra 
hydrocarbazole (I; R H) failed : reaction took place between this amine and 2-hydroxy 
cyclohexanone, but no crystalline material could be obtained, even after dehydrogenation of 
the crude product. It does not appear that failure to obtain the indolocarbazole wa 
caused by the 8-aminotetrahydrocarbazole reacting as an ortho-diamine and producing a 
phenazine derivative with 2-hydroxycyclohexanone ® for no basic material could be 
extracted from the reaction mixture, and unlike o-phenylenediamine 8-aminotetrahydro 
carbazole gives a diacetyl-compound, and not a glyoxaline, on prolonged boiling with acetic 
anhydride It was not possible to acetylate | : 2:3: 4-tetralhydro-8-nitrocarbazole, and 
o the possibility of preparing the parent indolocarbazole (III; RK — H) from 9-acetyl-8 
amino-| : 2:3: 4-tetrahydrocarbazole could not be explored 
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Attempts to prepare indolocarbazoles from 6-amino-1 : 2: 3: 4-tetrahydrocarbazole, 


from its 9-acetyl- and 9-methyl-derivative, and from 5-amino-8-chloro-l : 2:3: 4-tetra 
hydrocarbazole have all failed. In one case only was an intermediate, namely 1:2:3:4 
tetrahydro-9-methyl-6-(2-oxocyclohexylamino)carbazole (V), ol 


8-Amino-1 : 2: 3: 4-tetrahydrocarbazole and the corresponding 9-methyl derivative, 


tained crystalline 


* Part VIII, J., 1956, 1135 

' Clifton and Plant, /., 1951, 461 
Fomlinson, /., 1953, 809 
Hall and Plant, /., 1953, 116 

* Swindells and Tomlinson, /., 1956, 1135 
Earle and Tomlinson, /., 1956, 794 
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6-amino-1l : 2:3: 4-tetrahydrocarbazole, and 56-amino-8-chloro-1 : 2; 3: 4-tetrahydrocarb 
azole have all been condensed with ethyl acetoacetate to form the corresponding ethy] 
|: 2:3. 4-tetrahydrocarbazolylamino)crotonates, but only one pyridinocarbazole, 


namely 5:6: 7: 8-tetrahydro-4’-hydroxy-9 : 6’-dimethylpyridino(2’ : 3’-1 : 2)carbazole (V1) 
could be obtained by further loss of water. 
\minotetrahydrocarbazoles have previously been prepared by reduction of nitro 


yunds with iron and hydrochloric acid; ® zinc dust and aqueous alcoholic hydrogen 


chloride ; 7 sodium hydrosulphite (dithionite) and alkali in alcohol; *.*.?° and iron powder, 
cohol, and a trace of hydrochloric acid; * 1° but these substances, which are rather readil 
oxidised, are difficult to obtain pure and in quantity. It has now been found that Brown 
| Nelson’s method ™ of reduction with hydrazine and Raney nickel in methanol solution 


will reduce tetrahydronitrocarbazoles to give good yields of the corresponding pure amine 


EXPERIMENTAL 


9- Methylindolo(2’ ; 3-1: 2)carbazole,--8-Amino-1: 2: 3; 4-tetrahydro-9-methylcarbazol 
(0-25 g.) was heated with 2-hydroxycyclohexanone (0-15 g.) and a trace of anilinium bromide 


Vrothing began at 120° and the temperature was raised to 150° for 5 min. The resulting glass 
crystallised in contact with ethanol, and the product was crystallised from acetic acid, forming 
greyish needles (0-1 g.) of 6:6:7:8: 4: 6: 6 : 7’-octahydro-9-methylindolo(2’ : 3’-1 : 2)carl 
azole, m, p. 231° (Found; C, 81-8; H, 7-8. C, ,H,,N, requires C, 82:0; H, 79%) Deh ydroger 
ition of the crude product (0-5 g.) by heating it at 250—300° with palladium—charcoal (0-25 
containing 10% of Pd) under carbon dioxide, followed by sublimation in vacuo (210° /0-1 mm.) gave 
9-methylindolo(2’ ; 8’-1: 2)carbazole as prisms (0-1 g.) (from alcohol), m. p, 243—-244° (Found 
C, 84-4; H, 55. Cy gH,,N, requires C, 84-4; H, 52%); 4,,,,, 2100 (log ¢ 4-2243), 2590 (4-7180), 
1730 (4-7161), 2880 (4-4321), 3260 (4-5208), 3490 (3-8353), 3645 (3-6862) \. The indolocarbazole 
dissolved in sulphuric acid forming a red-brown solution, changed to olive-green, fading to brown 
on addition of a little nitric acid. 1: 2:3: 4-Tetrahydro-9-methyl-6-(2-oxocyclohexylami 
carbazole was prepared by heating equivalent quantities of 6-amino-1: 2:3; 4 tetrahydro-9 


methylcarbazole and 2-hydroxycyclohexanone at 125° for 5 min, It crystallised from ethanol a 


needles, m. p. 133° (Found; C, 76-8; H, 8-1. C,,H,,ON, requires C, 76-9; H, 81%). 

ethyl 4-(1: 2:3: 4-Tetrahydro-9-methylcarbazol-8-ylamino)crotonate 8-Amino-1:2:3: 4 
tetrahydro-9-methylcarbazole (1-0 g.) was mixed to a paste with a little acetoacetic ester and 
treated with one drop of hydrochloric acid. Next day the solid was collected and ethyl ( 
(1:2: 3: 4-tetvrahydro-0-methylcarbazol-8-ylamino)crotonate obtained as needles (1-1 g.j), m. p 


135-—136° (from alcohol) (Found: C, 72-8; H, 7-7. C,,H,,O,N, requires C, 73-0; H, 7-7 
Prepared in a similar way, ethyl B-(1: 2: 3: 4-letrahydrocarbazol-8-ylamino)crotonate was obtained 


as prisms (0-8 g.), m. p. 133--134° (from ethanol) (Found C, 72-5; H, 7-5. Cy gH,,O,N, 
requires C, 72-5; H, 74%), ethyl 6-(1: 2: 3: 4-tetrahydrocarl |.6-ylamino)crotonate as needles 
Oo m. p. 140-——-141° (from ethanol) (Found: C, 72-4 H, 7:3°%), and ethyl 6-(8-chlo» 
1:2: 3: 4-tetrahydrocarbazol-5-ylamino)crotonate as prisms (1-2 g.), m. p. 149--160° (from 
ethanol) (Found; C, 64-8; H, 65. C,,H,,O,N,Cl requires C, 65-0; H, 63%) 

5:6: 7: 8-Tetrahydro-4’-hydroxy-9 : 6’-dimethylpyridino(2’ : 3’-1: 2 whazol Che corre 
ponding ethyl 6-aminocrotonate (1-1 g.) was powdered and mixed with diphenyl (15 g.) ar 
boiled under reflux for 10 min Extraction with sodium hydroxide and subsequent acidification 
ga 1 solid which crystallised from aqueous alcohol to give 5: 6: 7: 8-letrahydro-4’-hydrox 
0: 6'-dimethylpyridino(2’ : 3’-1 : 2)carbazole (0-2 g.), m. p. 256---258° (decomp Found: C, 71-5 
it, 7d Cy HON, H,O requires C, 71-6; H, 7-0% 

imino-1 : 2:3: 4-tetrahydrocarbazole.—Powdered 1: 2: 3: 4-tetrahydro-8-nitrocarbazole 

7 ind Raney nickel (2—3 g.) in methanol (250 c.c.) were heated under reflux and hydrazine 

60° aqueous solution; 50 c.c.) mixed with methanol (100 c.c.) was added slowly during § hr 
i time the solution had become colourles Nickel was removed by filtration and 

the lution was concentrated under slightly reduced pressure Dilution with water then 
precipitated the amine, needles (2-5 g.) (from benzene), m. p. 162° (Edward and Plant?’ give 


Verkin and Plant, / 1021, 1825 
lLdwards and Plant, ] , 1923, 2303 
Fawcett and Robinson, /., 1927, 2254 
* Perkin and Riley, /., 1923, 2399 
ki 
l 
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binson and Tomlinson, /., 1934, 1624 
jrown and Nelson, /. Amer. Chem. Soc., 1954, 76, 5149 
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m. p. 159--160°) (Found: C, 77-1; H, 7-5. Calc. for C,,H,,N,: C, 77-4; H, 75% Boiled 
with acetic anhydride (1) hr.) it gave 8-acetamido-9-acelyl-| : 2: 3: 4-teltrahydrocarbazole, needles 
from ethanol), m, p. 201-——202° (Found: C, 71-2; H, 6-7. CygH,gO,N, requires C, 71-1; H, 
6-7%) rhe following amines were prepared from the nitro-compound (5g.) inasimilar way: 6 
smino-1 ; 2: 3: 4-tetrahydrocarbazole (3-6 g.) m. p. 151-—152° (from light petroleum) ; 8-amino 
1: 2:3:4-tetrahydro-9-methylcarbazole (2-9 g.) (from aqueous ethanol), m, p. 116° after further recrys 
tallisation from benzene (Found: C, 77-9; H, 7-9. C,,H,,.N, requires C, 78-0; H, 8-0%) ; 6-amino 
1: 2:3: 4-tetrahydro-9-methylcarbazole (2-4 g.), m. p. 97-—-98° (from light petroleum) (Found 
C, 77-9; H, 82. Calc. for C,,H,,.N,: C, 78:0; H, 80%); 6-amino-9-ethyl-1 : 2; 3: 4-tetra 
hydrocarbazole, an oil, which gave, with acetic anhydride, 6-acetamido-9-ethyl-1 : 2: 3: 4-tetra 
hydvocarbazole, m. p. 183—184° (from benzene) (Found: C, 75-1; H, 7-8. CygH ON, requires 
C, 75-0; H, 7-8%); 9-acetyl-6-amino-1 : 2; 3: 4-tetrahydrocarbazole (1-6 g.), m. p, 138° (from 
light petroleum) (Robinson and Tomlinson gave m. p. 140°); and 5-amino-8-chloro-1: 2:3: 4 
tetrahydrocarbazole (3-8 g.), decomp. at 160° without melting (from ethanol). 

1:2: 3: 4-Tetrahydro-9-methyl-8-nitrocarbazole.—-1 : 2: 3: 4-Tetrahydro-8-nitrocarbazole (5 
g.) and powdered potassium hydroxide (7 g.) were boiled in acetone (100 c.c.) while dimethy! 
ulphate (7 c.c.) was slowly added during Lhr. After it had been boiled for a further hour, the 
mixture was diluted with water and the precipitate was recrystallised from acetic acid from 


which 1: 2: 3: 4-tetrahydvo-9-methyl-8-nttrocarbazole (4-5 g.) separated as needles, m. p. 106 
(Found: C, 67-7; H, 6-3, C,,H,,O,N, requires C, 67:8; H, 61%). Alkylation of the corre 
sponding 6-nitro-compound proceeded more readily potassium hydroxide was used in 


concentrated aqueous solution and the reaction was complete in an hour. 1:2: 3: 4-Tetra 


hydro-6-nitrocarbazole (10 g.) afforded 1: 2:3: 4-tetrahydro-9-methyl-6-nitrocarbazole (9 g.), 
m,. p. 183°, previously obtained by nitrating 1: 2: 3: 4-tetrahydro-9-methylearbazole, and 
1: 2:3: 4-tetrahydro-9-ethyl-6-nitrocarbazole (7:2 g.) as yellow needles, m, p. 136°, from acetic 
acid (Found: C, 68-7; H, 6-5. C,,H,,O,N, requires C, 68:8; H, 66%) 


’ 
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934. Reactions of Organic Peroxides. Part VIII.* 1:3:3-Trimethyl- 
f Y¥ 
indan-\-yl Hydroperoxide and its Conversion into 2:4: 4-T'rimethyl- 
chroman Derivatives, 
3y WittiAM WessTeR and DonaLp P. YounG 


1: 1: 3-Trimethylindane is readily oxidised to a hydroperoxide, the 
tructure of which follows from its reduction to the known | : 3: 3-trimethy!] 
indan-l-ol In presence of acids, the hydroperoxide rearranges to give 
2:4: 4-trimethylchroman-2-ol and 2: 4: 4-trimethylchrom-2-en; the former 
compound has been synthesised, The hydroperoxide with ferrous sulphate 
in dilute aqueous ethanol gives l-ethoxy-1 ; 3: 3-trimethylindane 
COMMERCIAL samples of ditsopropylbenzene usually contain up to 10%, of 1: 1: 3-tri 
methylindane,! which can be isolated from the mixture by distillation. Presumably it 
arises from cyclisation of o-ditsopropylbenzene with loss of hydrogen 
1: 1 : 3-Trimethylindane (1) was readily converted by oxygen at 90", in the presence of 
alkali, into a hydroperoxide. This hydroperoxide was not soluble in dilute sodium 
hydroxide but, on treatment of the oxidate with 40°, sodium hydroxide solution, its 
sodium salt crystallised. The free hydroperoxide was regenerated from the salt by means 
of carbon dioxide, and was obtained as a solid, m. p. 38-540" ; its structure as 1 : 3: 3-tri 
methylindan-l-yl hydroperoxide (11) followed from its reduction to be known 1: 3: 3-tri 
methylindan-l-ol.! 
When treated with a little fuller’s earth or sulphuric acid in boiling acetone, trimethyl 
indany!l hydroperoxide gave 2:4: 4-trimethylchroman-2-ol (III) (40—50%) and its 


) 


dehydration product, 2:4: 4-trimethylchrom-2-en (IV) (25—40%). This is the first 
* Part VU, J., 1955, 3463 
' Colonge and Garnier, Bull, Soc. chim. France, 1948, 438 
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recorded case where a hemiketal has been obtained directly from a hydroperoxide, although 
hemiketal esters have previously been obtained from hydroperoxide esters.2, A ring- 
homologue of our hydroperoxide, 1: 2:3: 4-tetrahydro-l-methyl-l-naphthyl hydro- 
peroxide, gives the expected keto-phenol.4 The emergence of the cyclic hemiketal in the 

ase is attributed to its high stability. The amount of trimethylchromen (IV) 
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formed could not be accounted for by dehydration of the chromanol (III) under the 
reaction conditions, and the two products probably arose simultaneously from a common 
cationic intermediate (V).4 

2:4: 4-Trimethylchroman-2-ol (III) has previously been obtained ® by decarbony] 
ation of 2: 4: 4-trimethylchroman-l-carboxylic acid, the structure of which was established 
by synthesi rhe m. p. of our product was in agreement with that previously recorded 


lo confirm its structure, it was synthesised by the method already used for its homologue.® 
2: 4:4-Trimethylchroman-2-carboxylic acid was converted into its amide, which wa 
ubmitted to Hofmann rearrangement. Surprisingly, the product was not the expected 
trimethylchromanylamine but the chromanol (III) itself. Evidently the amine (which 
would be tautomeric with a phenolic ketimine) has an amino-group so labile that it wa 
hydrolysed under the reaction conditions. Our proposed structure for the chromen (I\ 
rests on its relationship to the chromanol (III) ; the isomer with an exocyclic double 
is not excluded, but seems less likely 
1: 4-Trimethylchroman-2-ol has also been reported ® as arising from condensation 
of phenol and mesityl oxide in presence of sulphuric acid, but other workers ® 7? beside 
ourselves have been unable to repeat this preparation. The compound from the sam« 
reactants and hydrogen chloride, formerly regarded as (LV),* has recently been shown 
to be the isomeric 2: 2: 4-trimethylchrom-3-en;*® we had independently come to the 
ume conclusion, since the compound was not identical with our chroman (IV) and had an 
ultraviolet absorption spectrum indicating that the double bond was conjugated with thi 
aromatic ring 
Rearrangement of the hydroperoxide (II) in presence of “ Indoil”’ alkanesulphoni 
acid (a mixture, approximately C,H,‘SO,H) was accompanied by the formation of a 


ee and Zoygel, Chem. Ber., 1951, 84, 215; Criegee, Annalen, 1948, §60, 127; Wieland 
1931, 64, 1205 
Ly pe and Knaue l, Chew Hes 1050 83. 235 
I ram bono, and Nudenberg / Org. Chem 1050, 15, 748 bold and Vaughan J ime 
1053, 75, 3790 
Baker, Curtis, and McOmie, /., 1952, 1774 
viederl, J], Amer, Chem. Sox 1929, 61, 2426 
and Pritchard, tbid., 1940, 62, 771 
Dian J. Ru Phys. Chem c., 1014, 46, 1310 
Baker and McOmie, Chem. and Ind., 1955, 256; Baker, Floyd rie ”) Weaving 
1056, 2010 
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by-product shown to be bis-2 : 4: 4-trimethylchroman-2-yl peroxide (VI) by analysis. It 
appeared to have arisen by oxidation of the chromanol (III), and it was also obtained in 
small yield therefrom by use of hydrogen peroxide and a little sulphuric acid 

Ihe trimethyl-chromanol (III) and -chromen (IV) had most of the usual properties 
of such compounds.® 2° The chromen (IV) readily added water and alcohols in presence 
of acid to give the chromanol (III) and ethers thereof respectively, and these were easily 
split to regenerate the chromen. Dehydration of the chromanol in presence of sulphuric 
acid, however, gave considerable amounts of a dimer (VII). The chromen was only 
hydrogenated to trimethylchroman under comparatively drastic conditions, and it reacted 
with bromine by substitution rather than addition. JTrimethylchromanol (II1) did not 
show any of the normal properties of the tautomeric keto-phenol. Only by drastic treat- 
ment with an excess of concentrated sodium hydroxide solution and dimethyl sulphate 
was the methyl ether of the corresponding keto-phenol obtained.!* Such stability is 
unusually high for an a-pyranol derivative, and may be connected with the heavy substitu. 
tion on the heterocyclic ring. Chroman-2-ol, for example, readily yields a dinitrophenyl 
hydrazone.!® The action of dilute nitric acid on the chromanol (IIL) resulted in oxidative 
breakage of the pyran ring with simultaneous nitration of the benzene ring, the product 
being a (probably mixed) «-o-hydroxydinitropheny!-x-methylpropionic acid 

Che trimethylindanyl hydroperoxide reacted rather slowly with warm aqueous ferrous 
ulphate, and the product was almost entirely trimethylindene, evidently from dehydration 
of initially formed trimethylindanol. In dilute aqueous ethanol the reaction was much 
faster, and the major product was l-ethoxy-l : 3: 3-trimethylindane. This ether was 
obtained for comparison by Williamson synthesis from trimethylindanol. The ether is 
presumably formed from the hydroperoxide (K*O-OH) by the attack of R°O» radicals 
on the ethanol. An etherification of ethanol in dilute aqueous solution must be unprec« 
dented rrimethylindanol was obtained here as a minor product, but only traces of 


ketonic material, apparently 3: 3-dimethylindan-l-one and not o-tert.-butylacetophenone 


EXPERIMENTAI 

No explosions or violent decompositions occurred during the preparation or handling of 
trimethylindanyl hydroperoxide, but the usual precautions were always observed The hydro 
peroxide and its sodium salt are skin irritants 

Light petroleum,’ unless otherwise stated, refers to the grade, b. p. 40-60 

1: 1: 3-Trimethylindane (I Commercial disopropylbenzene (Dow Chemical Co.) was 

ctionated through a 100-plate column Ihe intermediate cuts, b. p. 204-—210°, between the 
m-and the p-di propylbenzene fractions from several distillations were combined and refrac 
tionated through a similar column, yielding fairly pure 1: 1: 3-trimethylindane, b. p. 204-8 
204-9° /760 mm. (corr.), 81—84°/15 mm., nj 11-5077 (Colonge and Garnier! give b, p. 90°/21 mm., 
ni 15059 This contained 2--3% of other impurities detectable ectroscopically The 
infrared spectrum showed a doubled band at 750 cm.'!, and typical bands for an ortho-di 

ited benzene in the 1660-2000 cm.' region; in the ultraviolet spectrum, the strongest 

band at 2720 A hese bands were not in agreement with any known dialkylbenzene or 

alkyltetralin, but were consistent with recorded data for indane and its homologues. Oxidation 

ith chromium trioxide in acetic acid gave az-dimethylhomophthalic acid, m. p. 121-122”, 
forming an anhydride, m. p, 80-—-81° (lit.,! 123° and 82-5 3° respectively) 

1: 1: 3-Tvimethyl-x-nitroindane frimethylindane 20 mil vas nitrated with fuming 
nitric acid (5 ml.) in acetic acid (20 ml.) and anhydride (14 ml it 30°, with cooling, affording 
a mixed mononitro-derivative (6 g.), b. p. 160-—-166°/18 mm. (Found: C, 70-6; H, 7-3; N, 6-4 
riser. .N: C, 70-3; H, 7-4; N, 68%) Lhis on ion with methanol precipitated 
indefinite m. p., which after repeated recrystallisation from ethanol, methanol, and 


Cal for ¢ 


petroleum gave a small amount of a sharp-melting nitro-derivative, m. p. 76-—-77° (Found 


C, 70-1 , 1b N, 68%). The infrared spectrum suggested that it was the 5- or 6-nitro 


compo I! | 


1:3: 3-7Tvimethylindan-1-yl Hydroperoxid I] \ mi ire of 400 g. of trimethylindane 


inn. Chim. (France), 1954, 9, 462 
, Curtis, and McOmie, ref. 5 
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(93%, pure) and 100 mi. of 2.5% aqueous sodium carbonate was stirred vigorously at 90° in a 
tream of oxygen rhe rate of oxygen absorption at first accelerated to 10—11 mol,-% per hr., 


lecreased slowly. Oxygenation was stopped after 8 hr., when 29 1. (N.T.P.) had been 
i2%%, calc. on hydrocarbon) The organic phase was diluted with 200 ml. of lght 
iodometric titration showed that it contained 1-15 equiv. (86% on oxygen absorbed 

side. The aqueous layer was rejected. A saturated solution of 70 g, of sodium 
“ added to the product with cooling and stirring Che sodium salt of the hydro 


rystallised, and after a few hours was collected, well washed with light petroleum, 


and decomposed by suspension in water and light petroleum and neutralisation with carbon 
xide, On concentration and strong cooling of the petroleum layer, the hydroperoxide 
illised in long fine needles, m. p. 38-5-——40°, b. p. 70-—71°/0-2 u (Found: C, 74-7; H, 81% 
iodometric equiv., 193. C,,H,,O, requires C, 75-0; H, 84%; equiv., 192 
The oxidation was also carried out with 400 g. of hydrocarbon and 5 g. of calcium hydroxide 
at 90°, with similar results 
ecavvangement of 1:3: 3-Tvimethylindan-\|-yl Hydvoperoxide.—(a) A solution of 100 ¢ 
droperoxide (II) (99% pure) in 200 ml, of acetone was added during 10 min. to a boilin 
ion of sulphuric acid (0-5 g.) in acetone (800 ml.). After boiling for a further 20 min., t 
ion contained very little hydroperoxide It was neutralised by stirring with magne 
4) wg.) for a few minutes, then separated, and the acetone driven off rhe residue 
volved in twice its weight of light petroleum When this solution was cooled to 40)°, 
i: 4-trimethylchroman-2-ol (III) crystallised; after recrystallisation it had m. p. 93-5 
Baker et al.® give 91°) (Found: C, 74-9; H,82%; M in C,H,, 198. Calc. for C,,H,.0, 
C, 75-0; H, 84%; M, 192). The mother-liquors were freed from solvent and distilled through 


a short column into fractions as follows, analyses being by infrared spectroscopy 


(TIT) Trimethy! Trimethyl 
B, p./mm ; /o (%) indene (%, indanol (° 
102. 108°/16 2 10 
105-—122°/16 : 3 
122--140°/16 , 40 


last fraction deposited some more solid trimethylchromanol (III). On the basis of the 
inalyses, the yields were (III) 48%, (IV) 28%. The indene and indanol could be 
ounted for by thermal decomposition of unrearranged hydroperoxide during distillation 
Kefractionation of combined liquid products from several runs gave 2: 4: 4-trimethylchrom 
b. p. 104-—106°/16 mm., n? 1-5320, d? 1-0049, 2,,,, 2850, 2775, and 2420 A (e 1500, 
4820 respectively) in cyclohexane (Found: C, 83-0; H, 83. CyH,,O requires 
H, 81%). 
(6) A similar result obtained from the hydroperoxide (12 g.) with fuller’s earth (No. 237, 
bullers’ Karth Union Ltd.; 2-0.) in boiling benzene (100 ml.) for 1-5 hr 
rhe hydroperoxide (50 g.) with ‘ mixed alkanesulfonic acid ’’ (Indoil Chemical Co 
in boiling acetone (400 ml.) yielded trimethylchromen (41°) and trimethylindene (7%) 
I he id product was a mixture of trimethylchromanol (28%), which was separated by leaching 
vith hot ethanol, and bis-2: 4: 4-trimethylchroman-2-yl peroxide, m. p. 156° from ethyl acetate 
(Found: C, 754; H, 77%; M by peroxide estimation,” 378. C,,H,,O, requires ©, 75:5 
H, 7-9% VW, 382) his compound was also obtained (0-4 g. yield) from trimethylchromanol 
I}1) (3-84 g.), 30% hydrogen peroxide (1-0 ml.), and sulphuric acid ( 1 drop) in ethanol (50 ml.), 
refluxed for 1 hr. and then set aside for 3 days. 
is of 2:4: 4-Trimethylchroman-2-ol.—-2 : 4: 4-Trimethylchroman-2-carboxylic acid ® 
is converted into its amide, m. p. 140-~142° (Found: C, 71-2; H, 80; N, 63. C,,H,,O,N 
requires C, 71-2; H, 7-8; N, 64%), which (7-1 g.) was subjected to the action of potassium 
hypobromite by the method used by Baker e¢ al.* for its homologue. The product contained 
no acid-soluble material Che neutral organic product was leached with warm light petroleum, 
which left 0-85 2. of unchanged amide [he extract yielded 1-5 g. of trimethylchromanol, which 
ifter recrystallisation had m, p. 86-——-88 
By omitting the dioxan solvent and any treatment with acid, a similar experiment yielded 
xluct, m. p. 176-178 his might have been bistrimethylchromanylurea (Found 
Calc, for CygsH,O,N,: N, 69%), but no recognisable product was obtained from it 


y, Raley, Rust, Treseder, and Vaughan, Jnd. Lng. Chem., 1949, 41, 1673 
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Interconversion of 2:2: 4-Trimethylchroman-2-ol (111) and 2: 2: 4-Trimethylchrom-2-en 
IV) Che chromanol (50 g.), benzene (150 ml.), and anhydrous oxalic acid (1 g.) were boiled 
in a Dean and Stark apparatus. The theoretical amount of water separated within 30 min 
Che undissolved oxalic acid was removed, and the solution was fractionated to give 43:2 g 
(96%) of 2: 2: 4-trimethylchrom-2-en, b. p. 103-—104°/15 mm., n#? 1-5320, spectroscopically 
identical with the compound obtained from rearrangement of the hydroperoxide, 

Catalysis with small amounts of sulphuric or phosphoric acid likewise gave quantitative 
yields of chromen, but dehydration in a similar manner of the chromanol (30 g.) over toluene-p 
sulphonic acid (0-5 g.) gave 43% of chromen and 36% of 2: 4: 4-trimethyl-3-(2 : 4: 4-trimethyl 
chroman-2-yl)chrom-2-en (VL), b. p. 166—164°/0-1 mm this crystallised from ethanol in small 
flat needles, m. p. 70° (Found: C, 82-5; H, 82%; MM in C,H,, 346. C,,H,,O, requires C, 82-8; 
H, 8-1%; M 352). The infrared spectrum showed no functional groups but contained the 
chromen bands at 1230 and 1696 cm.~!, the latter (double bond) being reduced in intensity to 
half that in the chromen itself. This dimer (2-6 g.) with bromine in carbon tetrachloride at 
room temperature evolved hydrogen bromide and yielded a monobromo-derivative, short needles 
(from light petroleum), m. p, 122° (Found: C, 68-0; H, 63. C,,H,,O,Br requires C, 67:5; 
H, 63%) The dimer (5 g.) by oxidation with potassium permanganate in boiling acetone gave 
a little 2: 4: 4-trimethylchroman-2-carboxylic acid (0-05 g.), m. p. 167--170°, not depressed 


o 


by an authentic sample, 

rhe dimer was also obtained as a major product by dehydration of trimethylchromanol in 
presence of ‘' Indoil '’ alkanesulphonic acid. 

rrimethylchromanol was mainly unchanged when boiled in acetone containing 0-1% 
sulphuric acid for 1 hr. 

lrimethylchromen (IV) (10 g.) and Nn-sulphuric acid (100 ml.) were refluxed for 3 hr. The 
product was extracted with light petroleum, which on evaporation and cooling deposited 2-3 g 
(21%) of trimethylchromanol (III). The mother-liquor yielded 6-6 g. of unchanged chromen. 
Doubling the reaction time gave the same amount of (II1). When exposed to the atmosphere 
in the presence of a trace of sulphuric acid, the chromen changed within a few days into a 
crystalline mass of the chromanol (IIT), 

2-Alkoxy-2 : 4: 4-trimethylchromans.—2: 4: 4-Trimethylchroman-2-ol (III; 10 g.) and 
n-hydrogen chloride in methanol (100 ml.) were boiled under reflux for 2-5 hr The methanol 
was distilled off, and the residue was taken up in light petroleum and washed free from ac id, giving 
2-methoxy-2: 4: 4-trimethylchroman (7-0 g.), b. p. 121--124°/17 mm., nf? 15135, d® 1.0306 
(Found; C, 75-7; H, 85; OMe, 14-2. C,,H,,O, requires C, 75-6; H, 88; OMe, 15-0%) 

2:4: 4-Trimethylchrom-2-en (1V; 10 g.) similarly treated gave the same product (8-8 g.). 
Che analogously prepared ethoxy-compound had b. p, 126°/15 mm., n®” 1.5039, nf’ 1-0028 (Found 
C, 76-7; H, 92. CygHggO, requires C, 76-3; H, 9-1% Although apparently pure it gave 
persistently low Zeisel ethoxy] values. 

Distilling the methoxy- or ethoxy-trimethylchroman over a trace of sulphuric acid immedi 
ately regenerated trimethylchromen 

2:4: 4-Trimethylchroman.—2 : 4: 4-Trimethylchrom-2-en (1V) absorbed 1 mol. of hydrogen 
at 100-—-110°/700 Ib./sq. in. over Raney nickel. The product was the chroman, b. p. 113-56°/16 
mm., nt 15219, d% 0-9921 (Found: C, 82-0; H, 91. C,,H,,0 requires C, 81-9; H, 02%) 
[he chromen could not be hydrogenated over Adams catalyst at or below 50 

Bromination of 2:4: 4-Trimethylchrom-2-en.—-Bromine (9-2 g., 1 mol.) in carbon tetra 
chloride (100 mL.) was added to the chromen (10 g.). The bromine was immediately decolorised 
and hydrogen bromide was evolved, The solvent was removed under reduced pressure and the 
residue was distilled. The fraction, b. p. 100-—105°/0-5 mm., nv 1-5710 (5-56 g.), solidified 
Kecrystallised from aqueous ethanol, the 3-bromo-2: 4: 4-trimethylchrom-2-en had m. p. 76--77° 
Found: C, 56-8; H, 5-1; Br, 32-0. C,,H,,OBr requires C, 57-0; H, 56-2; Br, 316%). No 
bromide ion was formed by boiling methanolic sodium methoxide in 1-5 hr 

Che higher fractions, b. p. >105°/0-1 mm., from this reaction contained more bromine than 
the monobromo-compound, This material (15 g.) was treated with bromine (20 ml.) without 
solvent for an hour, finally being warmed to 50° to drive off hydrogen bromide and most of the 
excess of bromine The residue was taken up in carbon tetrachloride, washed with 25% sodium 
carbonate solution, and distilled. The product, 3: x: y: z-tetrabromo-2: 4: 4-trimethyl 
chrom-2-en, came over at 178-—-180°/0-2 mm., and, after recrystallisation from light petroleum 
b. p. 60-—80°), had m, p. 120-56-—-122-5° (Found: Br, 65-4. C,,H,OBr, requires Br, 66-1%) 
[his was likewise resistant to sodium methoxide 

iction of Nitric Acid on 2:4: 4-Trimethylchroman-2-ol..-A mixture of the chromanol 
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nitric acid (100 ml and water (200 ml.) was warmed to 60°, 

vyhich was moderated by cooling After 30 
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) for 5m then cooled, and methanol 
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" 
so 
was 


n Of 1:3: 3-Tvimethylindan-\-yl Hyd oxtd The hydroperoxide (82 
methanol (30 ml as hydrogenated at room tem 


perature and 
palladium-on-alumina 


pressure over 
ilculated quantity of hydrogen 


olution under reduced pressure left 26-7 ¢ 


About 90° of the 
in 35 hr | vaporation of the filtered 
viindanol 


sorbed 


{ Ferrous Sulphate on 1: 3: 3-Trimethy 
pure 50 g.) in ethanol (200 ml 


hate heptah ydrate (168 2.) in 


' 
ro 
Oe 


lindan-l-yl Hydrope é é The hyd 

vided in the I 1-5 hr. to a solution 
water (400 ml exothermic ar 
After a further 1-5 hour 


ind distilled through a 


cooling; ferric hydre 


yxide was precipit 
product was extracted 


with benzene 
Ihe first fraction, b, p, 105-113 


3/16 mm } ( 
3: 3-dimethylinda 


ontained small amount 
an-l-one cl, next para 


ih It formed a scark 
zene) Found N, 16-] 
m. p. 209-5-—210-5° (from water) (v¢ 
207° for 3: 3-dimethvlindan-l-one irbazone) [he main 

3: 3-trimethylindane, b. p. 116---118°/16 mm. (17 g 
1,0 requires C, 82-5; H, 9-9 15094, identified by 


thas 


p 256 57 decomp from b 


and a semicarbazone, 


Found: C, 82-9 


parison of its infrared 
thetic sample (see below lhe higher fraction », p. 120-—121 
"7 


15 mm 
3-trimethylindan-l-ol (12 g¢ 


yperoxide (33 ¢.) was stirred with ferrous st ihydrate (11 g.) in water 
it 40° for 1 hr., and the mixture was then raised 
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emicarbazone, m. p. 212—-214° (decomp.) (lound 5 H, 7-0; N, 19-3. Calc, for 
C,,H,,ON,: C, 66-4; H, 69; N, 19-4%) 

1:3: 3-Trimethylindene.—1 : 3: 3-Trimethylindan-l-ol (10 g.) in boiling benzene with 
oluene-p-sulphonic acid (1 g.) rapidly eliminated water, which was separated in a Dean and 
tark trap. The washed solution yielded trimethylindene, b, p. 87-5°/15 mm., nj} 1-5370, dq’ 

0-9359 (Colonge and Garnier ! record b. p. 94°/15 mm., 1 = 15346, - 0-025) 

1:3: 3-Tvimethylindene Dimer,—In an attempt to hydrate it, trimethylindene (30 g.) was 
boiled under reflux with sulphuric acid (54 g.) and water (30 ml.) for 4 hi rhe product, tsolated 
by dilution and extraction with light petroleum, was mainly unchanged olefin, but afforded 
10-4 g. of. the dimer, presumably 1: 1: 3-trimethyl-2-(1: 3: 3-trimethylindan-1-yljindene, b. p 
18] 2mm.,, n} 1-5641 (Found: C, 91-0; H, 90. C,,H,, requir C, 91-1; H, 80%) The 
ultraviolet absorption spectrum had >} 2920, 2620, and 2580 A (e 752, 6210, and 6210 


max 
respectively) in ethanol, indicating a ¢ onjugated double bond 
|-/:thoxy-1: 3: 3-trimethylindane Potassium (3-9 5 vas dissc!ved in a solution of 1: 3:3 
trimethylindan-1l-ol (17-6 g.) in toluene (100 ml.), the mixture being boiled to complete the 
reaction Ethyl iodide (30 g.) was then added, and the solution was boiled under reflux for 
9 h?., a further 20 g. of ethyl iodide being added after 6 hr Che precipitated potassium iodide 
was washed out, after which the product was dried and fractionated It contained much 
nchanged trimethylindanol, but the first fraction p. 103--113°/18 mm ny 15108 (1-44 8), 
consisted (by spectrographic analysis) of 80°, of the ethyl ether, identical with the material 


are offered to Mr. B,. Yeomans for il assistance; to Mr. H. C. Highet for 
fractionating the starting material; to Messrs lpotts, W. Thain, W. Kk. Ward, and 
W. I, Maddams for recording and interpreting sp i nd to Mr. ]. G. Maltby and his 


issistants for some analyses 
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935. Derivatives of Thionaphthen. Part 11.* TVhionaphthen Deriv 
alives formed by Cyclisation of Acetonyl Aryl Sulphides and Aryl 
Phenacyl Sulphides. 

By J. E. Banrietp, W. Davies, N. W. GAMBLE, and S$. MIDDLETON 


Cyclisation of phenacyl phenyl sulphide gives, not the expected 3-phenyl 
thionaphthen, but 2-phenylthionaphthen (32%, yield), whose structure 


has been proved by synthesis and degradation, 2-Phenylthionaphthen 


are similarly formed by th lisation of phenacyl m- and 

tolyl sulphides and 4-methoxyphenacyl pheny! sulphide The compounds 
described ! as 6-hydroxy- and 6-methoxy-3-phenylthionaphthen are now also 
ind to be derivatives of 2-phenylthior h n On the other hand, 
lisation of acetonyl phenyl sulphide l nown to give 3-methylthio 
phthen without rearrangement Various other ibstituted thion iphthen 


have been ynthe sised 


IN early att mpts to synthesise thionaphthe n derivatives by the cyclodehydration of aryl 
thio-ketones Delisle,* and Delisle and Schwalm,’ used respectively acetonyl phenyl sulphide, 
Phs-CH,*COMe, and ethyl (phenylthio)acetoacetate, Phs-CH(é Q,Et)*COMe, Success was 
first achieved by Fries, Heering, Hemmecke, and Siebert + who cyclised m-hydroxyphenyl 
ulphide and its methyl ether (1) with concentrated sulphuric acid to form what 

erto been accepted as 6-hydroxy-3 phe nyithion iphthe n and its methyl ether (11) 

» cyclisations, the only ones recorded until 1949, were doubtl aided by the 


Davies, Ennis, Middleton, and rier, /., 1056, 2603 
Hiemmecke, and Siebert, Annalen 037, 627. 110 

1800, 260, 250 
valm, Ber., 1892, 26, 2080 
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activation of the position para to the strongly nucleophilic hydroxyl or methoxyl group, 
and do not justify the implication of a general synthesis given by Elderfield.£ Such a 
general synthesis was begun ® in 1948, by the preparation and attempted cyclisation of 
arylthio-ketones ArS*CH,-COR (R == aryl or occasionally methyl). This work was 
anticipated to a slight extent by Werner ® who prepared ten arylthio-ketones, nine of which 
had the formula ArS‘CHR-*COMe (R Me or H) and only one, PhS*CH,°COPh, was of the 
phenacyl type. Werner, using phosphoric oxide or zinc chloride, successfully cyclised six 
of these to thionaphthen derivatives, all containing a 3-methy] substituent, but his efforts 
to cyclise phenacy! phenyl sulphide were unsuccessful. 

[he arylthio-ketones used were prepared by condensing 2-halogeno-ketones with arene- 
thiols in the presence of base, but the proces ) 1S more compli at d than preparation of arylthio 
icetaldehyde acetals from the thiol and chloroacetaldehyde (Part I). First, when the 
ketone is phenacyl chloride and the base sodium hydroxide in ethanol, some of the phenacy! 
chloride is, despite the presence of the thiol, converted into “ $-chlorodiphenacyl,” 7 
Cigtl),O,Cl. Secondly, the 2-halogeno-ketones contain a positive halogen which can have 
an undesirable oxidising action on the thiol; thus, the interaction of phenacyl chloride and 
odium p-tolyl sulphide in boiling methanol forms, not the desired sulphide, but aceto 
phenone and phenacyl p-tolyl sulphoxide.*® Similarly condensation of ethyl «a-dichloro 
acetoacetate and sodium thiophenoxide gave diphenyl disulphide and ethyl a$-diacetyl 
furnarate.’ In the present work the oxidising effect in strong alkali of the positive halogen 
in plenacyl chloride has been repeatedly seen in the formation of large amounts of the 
diaryl disulphide 

Though these difficulties have been overcome with p-tolylthiomagnesium iodide in 
ether,'® and by the rapid condensation at low temperatures of the very reactive phenacyl 
bromide with thiophenol in the presence of sodium methoxide,!! it is now found that a very 
convenient condensing reagent for phenacyl chloride is boiling pyridine, the excess of 
which acts as solvent. It is particularly useful with f-acetamidothiophenol and other 
compounds containing groups sensitive to alkali. 

\rylthio-ketones are more resistant to acidic dehydrating agents than are arylthio 
acetaldehyde acetals, but like them readily suffer fission between the sulphur atom and the 
ide chain, the original thiol or the disulphide from it being isolated. Oxalic acid is 
yenerally too weak a reagent, and concentrated sulphuric acid under ordinary conditions 
is too strong, though it is successful in cyclising l-naphthyl phenacyl sulphide. It was 
independently found by some of the present workers and by Werner that phosphoric oxide 
and fused zine chloride are often effective cyclising agents, but that they failed with 
phenacyl phenyl sulphide, However, this sulphide is cyclised (32% yield) by the prolonged 
use of polyphosphoric acid, which has so far been little used with compounds of this type 
Many of the aryl phenacyl sulphides prepared resisted attempts to cyclise them with zine 
chloride or phosphoric oxide, but polyphosphoric acid has not yet been tried with them. 

[he cyclisation of phenacyl phenyl sulphide (III) and some related compounds is now 

| to be subject to a rearrangement not previously observed in the synthesis of deriv 
ati of thionaphthen. Polyphosphoric acid converts it in 32% yield into 2-pheny! 
thionaphthen (VII), together with tar; 3-phenylthionaphthen (IV) has not been isolated 
from the product. Desulphurisation of the product (VII) with Raney nickel gives 
libenzy! (VIII) (nitrated to 4: 4’-dinitrodibenzyl, and oxidised to benzoic acid). Had 
3-phenylthionaphthen (IV) been formed, desulphurisation would have given | : 1-diphenyl 
ethane, PheCHMe, oxidation of which is known to yield benzophenone.“* The 2-pheny! 
tructure (VII) is further proved by synthesis of the compound from fluorobenzene and 
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, Lhesis, Melbourne, 1950 
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2-thionaphthenyl-lithium (VI), the constitution of the latter having been proved by it 
carboxylation to thionaphthen-2-carboxylic acid. 

A repetition of the cyclisation of m-methoxyphenyl phenacy! sulphide (I) with con 
centrated sulphuric acid by Fries e¢ a/.* gave a small amount of their product, m, p. 59°, but 
this compound is more easily obtained by the use of polyphosphoric acid. The product is 
desulphurised to give 4-methoxydibenzyl (X) identical with a specimen synthesised from 
4-methoxybenzyl bromide and benzylmagnesium chloride. ‘The cyclisation has therelore 


formed 6-methoxy-2-phenylthionaphthen (V) and not 6-methoxy-3-phenylthionaphthen 


X1 X11) 


(Il), desulphurisation of which would yield 1-f-methoxyphenyl-l-phenylethane. Had 
cyclisation occurred in the position ortho to methoxyl group, the resulting thionaphthen 
derivative would have yielded either 2-methoxydibenzyl or 1-o-methoxyphenyl-l-phenyl 
ethane on desulphurisation. Further, since demethylation of the compound, m. p. 59°, 
gave} the hydroxyphenylthionaphthen obtained by cyclisation of m-hydroxyphenyl 
phenacyl sulphide, it follows that the compound described by Fries! as 6-hydroxy-3 
phenylthionaphthen is the 2-phenyl derivative 

Rearrangement also occurs in the cyclisation of 4-methoxyphenacyl phenyl sulphide 
(XII). The product must be 2-p-methoxyphenylthionaphthen (XI), for this also on 
desulphurisation gives 4-methoxydibenzyl (X) 

Similarly phenacyl p-tolyl sulphide (XIII) cyclises to form 5-methyl-2-phenylthio 
naphthen (XIV), desulphurisation of which gives a hydrocarbon (not characterised) 
considered to be 1-phenyl-2-m-tolylethane since it is oxidised to tsophthalic acid (XV) and 
benzoic acid; no m-benzoylbenzoic acid was obtained though this would be expected had 
the cyclisation product been 5-methyl-3-phenylthionaphthen (XVIII) whose derived hydro 
carbon would be 1-phenyl-l-m-tolylethane. Now 5-methyl-3-phenylthionaphthen (XVIII) 
has been synthesised by decarboxylation of 5-met 3-phenylthionaphthen-2-carboxyli 
acid (XIX) prepared unambiguously from 5-methy!-2-(methylthio)benzophenone (XVI) 
In confirmation of the structure (XVIII), it is now found that the oil obtained by thi 
method yields m-benzoylbenzoic acid on desulphurisation and oxidation 

Four thionaphthen derivatives can theoretically be obtained by the cyclisation of 
phenacyl m-tolyl sulphide (XVII), where ring closure might occur para or ortho to the 
methyl group. 6-Methyl-2-phenylthionaphthen (XX1) should give 4-methyldibenzyl on 
reductive desulphurisation, and this would be oxidised to benzoic and terephthalic acid ; 
these are indeed the only acids obtained from the homogeneous thionaphthen derivative 
formed in this cyclisation, and prove the structure (XX! 
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p, 1 hr.; 61%), b. p. 210-214 
C,H ,40,5 requires C, 58:4; I 
l p, 4 hr , then heated min 
H, 5-9; S, 144. C,,H,,0,N 
58‘ p, 24 hr 96 


yield 
of non-volatile di-2-1 


| -— ul ' . ) pure 
Lid} h I 1181 | 1d = 138-5 
vith ethylene l 


from 


imer. Chem 


janfield, Davies, Gamble, and Middleton 


ually dissolved in 14—4 times 


The thiol (1 mol.), u 
for the time indicated 


n of Aryl Phenacyl Sulphide: 
was refluxed with phenacyl chloride (1 mol 
some of the above acetonyl ary 
following aryl phenacy 


p. 5% 53° (from 


ar 


pyridine, 
desirable to improve the low yields of 
from o-substituted thiol The 
173--177°/0-5 mm., m 


| 
l 


ig 18 
pecially when derived 
prepared pheny! (6 hr.; 95%), b p 


66° (from light petroleum) (Found 74-4 , 58 


m., plates (from light petroleum 


182°/0-35 m 
5-8 » 13-2% 


C5105 requires C, 74-4; H, 


H, 5-6; 
185° /0 l mm., m Pp 35 


from ethanol 


196--198°/0-2 mm., ni? 1.6229 (Found 69-3 


JH ,,0,5 require 69-8: 
phenyl (6 hr 96° 22 needles (from ethanol 
C, 66-75: H,! sal ,¢O55 requires C, 66-7; H, 5-5 
phenyl (4 hr. ; needles (from ethanol), m. p 
ONS requires », 11-2% 
(4 hr 66°) 96-5—97-5 
(5 requires ¢ : H, 5-05; S, 11-5%) 
> her 74%) wisms (from ethanol m » 83-5 
o)+ | J 
vhich the pale straw colour could not be removed 
phenyl (6 hr.; 81%), m. p. 46—47 Fries ¢1 
lrazone recrystallised from alcohol in prisms, m. p 


121-5° (Found 


from ethanol (our 


/ 
1 


requires N, 12-8%) 
were prepared without the use of pyridine 
| phenacyl sulphide, identical with the prod 
5 obtained in 90% 


118”) of Waldre 
odium hydroxide, wa alcoholic ammo 
eparate in | min. after addition 


; 


t room temperature 
lrophenyl phenacyl sulphide (good yield) began to 
hloride to a warm solution of 2 : 4-dinitrothiophenol in alcoholic sodium hydro 

ethanol, it had m. p. 170—171° (Found: C, 53-0; H, 3-45; N, 8 
C, 52:8; H,3-15; N, 88% 
yl 4-methoxryphenacyl sulphides were prepare 


cle cribed 


d from 4-methoxy 


orresponding thiophenol in pyridine a 
p KY un” ( 69-5 
lhyd ne forme 
C4, Hy O,N,5 require N, 128%) 
47-5° (from ether-—light petrol 


f hr.; 84%), plates (from ethanol), m 


H, 54% The 2: 4-dinitrophen d needle 


requires ©, 69-8; 

p. 169--170° (Found N, 12-5 

Dimethoxyphenyl (4 hr.; 90 needles, m, p, 46-5 
(Me 20-26 Ctl ,,O,5 requires OMe, 29-3' 


164 165 (lout 


i bhenylhydrazone 
ute from ethanol n. p ] 61-05 H, 5-4; 
requires C, 60-9; H, 5-1; N, 93%) 
4 hr.; 68%), cream-coloured needles, m 
requires OMe, 10-05%) [p-nitrophenyl 


68:0; H, 495; N, 9-5: 


from ether-lis 


t volden plate 
from aqueous 
requires OMe, p-nitrophenylh Iden-yellow 
163° (bound 10-6. CygHt,,O,N require 10-3° 
thr.; 70%), pale brown plates (from aqueous ethanol), m 
" 
{ 1 HH jo! sg’ 


requires OMe, 10-3 nitrophen, lhydrazone, 
184.— 185° (ound requires N, 12-8 
nyl Aryl Sulphide in 


N, 12-85 ON, 
ilo Thionaphthen 3-Methylthionaphthen 
* the action of phosphor 
ilphide However, appreciab 


by Werner method le at 160 190° oF 
on acetony! pheny! 


id Reid, thid 1023, 45, 240 


imounts were recovere 


1956} Derwatives of Lhionaphthen. Part Ll. 


rt of phosphoric oxide at 160°, and 21% 
100 lhe following were prepared 
30—31°, ny 11-6090. from 


unchanged (25% after } hour's heating with 0-33 pa 
after } hour's heating with 14 parts of zinc chloride at 
3: 7-Dimethylthionaphthen (60%), b. p. 122—124 mm p 
equal weights of acetonyl o-tolyl sulphide and phosphor é it 1vO i hr. (kound: ( 
74-1; H, 61; S, 19-6. C,,H,,S requires C, 74-1; H 
3: 6-Dimethylthionaphthen (63%), b. p. 13: 13 n ne 
imilarly at 170° for 14 hr. and then at 190 j 0, 1n 53% yield, from 1 part of 
160-170 bound , 
Found C, 49-1 H, 36 N, 11-2; S, 8-15, 


1-6158, from the m-toly! 


sulphide 
ketone and 2 parts of zinc chloride for 7 hr. at 
needles (from ethanol), m. p. 134-5—-135-5° 
),N,5 requires C, 49-1; H, 3-3; , 10-75; : . 
5-Dimethylthionaphthen, b. p. 125-—-126°/14 m., my, 16010, in 27% yield from the 
ilphide similarly at 190° for } hr, (a smaller yield wa 
of zine chloride and the ketone at 170° for 40 min., then at 200° for 10 min., some thio-p-cresol 
being obtained also) (Found: C, 73-6; H, 6-2; S, 20-3 picrate, orange needles (from ethanol), 
113-—114° (from ethanol) (cf. ref. 11) (Found: N, 10-8 
3-Methyl-6 : 7-benzothionaphthen (62%), m. p. 60-5 { 140--144°/0-3 mm., from the 
ulphide (1-4 g.) similarly at 190° for j C, 78:7; H, &1; 5S, 16-05 
C, 78-8; H, 5-05 >, 16 1% picrale, t ris! from benzene-—light 
p. 125-5-—127-5° (decomp.) (found 13; N, C igll,O,Ny5 require 


19-0°,) | picrale, orange 


obtained b e use of equal parts 


m. p 


t 
' 


N, 985% 
Vethyl-4 : 5-benzothionaphthen (95%), m. p. 585—59-5°, p 
mpanied by sublimation), from the 2-naphthyl sul times its weight of zing 
ide at 180° for } hr., then at 190° for } hr. (ound 3; , &2; S, 16-2%) [yellow 
from benzene—light petroleum), m. p. 152-15 7°45 ‘, 101%) 
6-Dimethoxy-3-methylihionaphthen (83%), m. p. 107-—-107-5° (from light petroleum) from 
{-dimethoxyphenyl sulphide (5-6 g.) and phosph« Ox (1-9 g.) at 170-——-175° for 4 hi 

luct was extracted with chloroform) (ound : H, 5-95; S, 15-7; OMe, 29-6 
25 requires C, 63-5; H, 5-8; S, 15-4; OMe, 20-8% 
p-methoxy- and p-acetamido-pheny] sulphides could not 


150-170°/0-5 mm 


be ised with zine chloride 


or with phosphori oxide 

Cyclisation of Aryl Phenacyl Sulphides and their Derivat ly yclisation times and 
temperatures are important 

i) Phenacyl phenyl sulphide. The sulphide (5 g.), phosphoric oxide (35 g.), and phosphori 
acid (20 ml.; d 1-75) were heated at 180-—-190° for 3 hr., and the cold mixture poured into water 
I:ther extracted 2-phenylthionaphthen (1:5 g., 32 ae ms, m. p. 175-176 bound ( 
$O-] H, 4-8; , 15-0 Calc. for ¢ rally C, 80-0; H 15-2% Horton y m. | 
175-5—176 
product (0-8 g.) was refluxed with Raney nicke! 


| n 
hot filtrate poured into water (250 ml.) Che precipitate was waslhi vice with chloro 


8 2.) in ethylene g 1(30 ml.) for 8 h 


ind the 
75 ml.) and each washing was then used to extract the 
t was dried (MgSO,) and yielded a brown fragrant oil 


rm iqueou solution lhe chloroform 
which was se parated into two 
me part was refluxed for 15 min. with 10 mil), powdered potassium 
v.), and sodium carbonate (0.2 | d solution was clarified by sulphur 
il coic acid separated (m. p, and mixed 120.—121°) [he second part wa 
haken with cold fuming nitric acid (2 ml.) for a f ind the mixture was diluted 
water, giving pale yellow prisms (from ethanol) of 4 dibenzyl, m. p. 178-179 
m. p. 179-—180 
\ solution of thionaphthenyl-lithium was 
from n-butyl bromide (20 g.), lithium (2-45 5 


added freshly distill fluorobenzene (6-3 gz.) 


imeron method ' 
lo thi olution was 

hr, at room temperature, lithium 
fluoride separ [he mixture was poured into r (400 ml ind the dried (Na,50O,) 
oil from which excess of f! obenzene and butyl bromide were removed 
rhe residual solid vy from ethanol, to give 
ind mixed m Pp 175 176”, «pl uonaphther Oo yased on thio 


d also needles (0-02 g., ’-dithionaphthenyl 
’% as having m 


ulphide 


rton, /. Org. Chem., 1949, 14, 761 
es and Hemmecke, Annalen, 1929, 470, | 


179% Derwatwes of Thionaphthe Part Il 


polyplhe on cid gave prisn A.) n 184 184°5°, of 6-met/ 2-pher 
hionaphthen (bound: C, 80-4; H, 65 Hs ( ires C, 80-3; H, 5-35; S, 14-3 
Le ! t ind oxidation as before gave two acid the le ble cohol) of I 
t f to give imethyl terephthalate, n 138 130 ly 138 140 i 
‘ hrc acid (m p dad mixed m 120 12] 
/ nacyl pel lyl uphide With pol | ho e, Ip! le 
mi eth ol m,. p 155 158-5 of 5-methyl-2-p/ t} ) Athey 26 J ( 
KOS; | 4 14-1 Desulphuri idat ( pht 
( ethanol), m. ] sO0) inilide, 1 246 14% f ! p. 248-250 
, , 
»> Methy! }- phen ylthi nthe t | 155 157° /0-4 prepare the et 
{] eiffer et al,,“ no re | 162°/1 mr t ( f ( lise 
4 thionaphthen, g needle from ethanol), 1 p. 161 162 j f oylbet j 
162 
Tet) phenyl phenacyl uphide With p« phe { ] t 190° for 3 
‘ trated ilphuri cl thi ulphide gave 6-met/ phe fhionaphthes | 
| ‘ p. 58 i) t the 3-pher derivative re te ries ef al.) wl 
j ) 
| 0 t (O-5 efi ed baolute etl ol (150 I r cke 5 for 
I if oluti filte ed i t ot i] { ! te : { et 
l entrated cohol iutio rte cClarificatio ch ( 1 etl Iybe 
} Ho one or mixed m. t! thent pecime 
i | < | bp mile iro i 1-metho benz‘ Ol Vo ad | 
( / lak rig A t te | ith CT1Z Tit i i I { ibed | 
f 1 ethox ye lm 60 61 is 
$:4-Dimethoxyp/ phenacyl lphide I he iphide | ) t 190 
i ive robabl >: 6 dimet/ 2-phen lthionahithes eed rom 8&0 et | 
L165 117 j bout ( 10-8 H, 5-1 11-0 (OMe 23°2 ( HO lires ¢ 
11-2; H, 5-2 11-9; OMe, 23-0 [he same product A é t ‘ 
eat 1IBO” for q iu 
| iphthyl phena lf I hie ilphide (1 cle iall ith st 
, trated sulphuric acid (15 m nd after 30 the deep red solution pour 
Lhe ¢ is extracted with light petroleum (b. p. 90-100 continuous extract 
) fter removal of the petroleum the residual oil dissolved in ether (50 ml t 
pet ‘ 0 mil b. | 70 YO uided, and the mixture chror t head ¢ ! \ 
ell band ecllow fluorescence i ultraviolet light pe ith ethe it 
eluate ‘ ello needle | ou ob Od f tec t l tion from et 
j t) elded ecllow nee ( I La) / ‘ irce i 4 ) 1.6 : 7-bes 4a nat / 
| (, 82-8 Hi, 4:8 12-3 ( H equires C, 83-1 Ht, 4-6 12-3' 
1- Met) phena phey phid With polyphosp! t 190° for I t 
ive 2? th phenylthionaphthen, prism from ethanol), 1 193-194 14 I 
( od ti 4 U, H,,0 req re ( TH0 HH 0 ae ed lor the 1 t 
i ! \ ibove to 4-metho ihe 1, Mm. | ay ly 0 61 
1 Jdimethoa f hey 1-melt/ hena up) W hie t it} i equ t 
chloride at 175-—180° for 40 mi the il ‘ black gl fror h 
t m (tf | 0 a0 ext t ‘ t e pro t ft lise { t 
i (b. p. 100-—-150°) to e colourl needles, n aL ( d >: 6-d 
4 ethoxyphenyltl iphthen 3 No f t | t ¢ fror { 
ene t nve cs t it yt ned ( li At 
‘ I roportions of the « ind and picri t t ryst 
| ' ty ‘ an om ti 
j / phenacyl l-na f ve Ht 
ere eate it 180" for | hr., the hid prow land t the 
ielded to chloroform probal f 6 ipht 64 
t ht petroleur m. p. 164 OM 10-6 ( IH ,,' equ OOM 
1O-7 
i henacyl 2-na A lp/ Vitl I 


/. Aw 1940, 62, 1451 
j VJ atsh., 1913, 94, 2009 
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ENT method was required for studying the production 
aldehyde during periodate oxidations of cat lrate le 
Schry ver method,! whereby formalde} l I illowe t 


Ouantitative Microestimation of kormaldehy 


ly gave pal brown needle I 157 158 regarce 
iphthen (68 Found C, 78-9: H, 4-85; OMe, 10-6 
18: OMe, 10-7 \ picrate was obtaine 150 
>: 6 ber othionaphthen above but it also cou t be ree t 
) fu ifton ( oncentrated ily acid S43 
le at 190° for } hr., partly converted 2 thyl ph 
le (m. p. 139 Anhydrous oxali | st 
f shenacyl sulphides could not be « the use of 
p-acetamidophenyl, p-nitrophe id 2: 4-dinitr 
{-methoxyphenacyl sulphides could rt be ed | 
le, phosphoric oxide, or zine chloride nad p-t lf 
tl ire indebted to the Dunlop Rubber Cor of A 
hij to J. E. B. and N. W. G The 1 ‘ ( ( 
Dr. W. Zimmermann did tat! 
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rg tt ,OS requires ¢ 
for 2-p-metho 

ull ed 

om temperature ina 

icy) ilphide into di-2 


hlomde were ineflective 
phosphoric oxide at 190° 
yphenyl Similarly, the 

if huric acid, 
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Colorimetric estimation of formalde ‘ r of phenyl LZithe 
err ide has been adapted for use in periodate oxidatio 
\ semimicro procedure for determin: the ti of ituted | 
¢ icing monosaccharides ha been cdevise tudyil the periodate 
t) of phenylosazone of deo t wor ccharice ina 
lisaccharide Oxidations of unsubstitute d pentose phe 
es each yielded mesoxalaldehyde I : 2-1 ( 11 mol. of 
( yar llowever ibstitutio { f j the 
sazome ilted in the bse ‘ | t 


n improved by 


izine and ferricyanide reagents giving a mauve ir, has bee Dowse 
i lers,* but the use of this method for pe tudies demanded removal of all 
ite wing to interference with the react lhe usual reagents for 
f periodate such as lead, arsenite, hydro iphite, and stannous ions also 
| Complete re moval of periodate was effected by precipitation as the barium 
the presence of sodium hydrogen carbonate ind subsequent estimations of 
lee le were satisfactor’ 
thrit vas used as a source of standard if f formaldehyde sinee periodate 
t of erythritol in either unbuffered or buffered sodium hydrogen carbonate 
! e201 of formaldehyde as determined by the dimedone method,* and under 
f these « litions the colorimetric method e the same linear relation between 
ritol concentration and intensity of colour ly reement with Dowse and Saunders 
I { ( t nm Wa found to hold onl over the range l Wy of formaldehyde 
t I ilactitol, D-mannitol glucitol, ! | ‘ ind galactose in the presences 
im hydrogen carbonate afforded theoret intities * of formaldehyde (4-2% 
fered litior however, the hexitol ive low yields of formaldehyde 
1viv, 4, 82 6 
/ hem. J., 1955, 60 
48, 992 
i m 1941, 68, 1476 
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(ca. 1°76 mol.), which was probably due to the presence of relatively stable formyl] esters 

formed from the oxidation of intermediate cyclic hemiacetals. 

tructural and enzymic studies of polysaccharides have necessitated the identification 
fragments, frequently in small yield, which are sometimes difficult to 


of disaccharide 
Purity of these phenylosazones can 


lise but often form crystalline phenylosazones. 
ned for microquantities by paper chromatography °® and by ultraviolet absorption 
lata.” Periodate oxidations of various monosaccharide phenylosazones were studied 
i semimicro procedure in subsequent investigations of the interglycosidic linkages 

t in phenylosazone derivatives of disaccharides. 
In agreement with previou observations,’ p-arabinohexose phenylosazone (cf. I) 
| the theoretical 3 mol. of periodate when oxidised in 50% alcohol at room tem- 
was observed because the cleavage product, mesoxalalde- 


perature Jo  over-oxidation ’ 
Simultaneously, 


2-bisphenylhydrazone (LI), was precipitated during the reaction 
naldehyde was formed, as determined by the colorimetric procedure, together 


1 rn 1] 
ith 2 mol, of formic acid. 
ler the same conditions, b-threopentose phenylosazone consumed 2-0 mol. of 
riodate with the formation of the product (II) and 0-9 mol. of formaldehyde. Oxidations 
of various deoxy- and O-methyl derivatives of monosaccharides (see Table) have shown 


that the production of the insoluble material (II) is characteristic for free hydroxyl groups 
it C,,, and C,,) of phenylosazone derivatives and that the liberation of formaldéhyde requires 
f resence of a terminal glycol system. Similarly, phenylosazones derived from 1->4- 
| 1-»3-linked dihexosaccharides (e.g., maltose, cellobiose, lactose, and turanose) afforded 

1 mol. of formaldehyde and none of insoluble material (II), whereas 1-+6-linked 
charides (¢.g., melibiose) gave rise to the characteristic precipitate (II), but no 
formaldehyde. Thus, reaction under these conditions provides a quantitative method for 
tiating between these two classes of dihexosaccharides, as little as 2 mg. of phenyl! 
results were obtained by Courtois, Wickstrom, and 


zone being required Analogou 
Le Dizet,® who estimated formaldehyde by the dimedone method, although their yields 
re not quantitative 
HC:N’*NHPh HC:N-NHPh HC:N-NHPh 
CN’ NHPh -(N-NHPh ee 
CH-OH > CHO (II) CH OR! 
CH-OH CH-OR 
2H-CO,H 
CH-OH CH,-OR’ 
CH,OH (I) CH,O (IIT) 

Maltose, cellobiose, and lactose phenylosazones rapidly consumed the theoretical 
$mol, of periodate (30 min.), which was followed by a slower over oxidation, presumably 
involving the phenylhydrazone groups rhe initial uptake of reagent could not be 
ittributed entirely to glycol cleavage since triose phenylosazone consumed 1:3 mol. of 
periodate (constant value in 30 min.) and no formaldehyde or formic acid was detected 
Likewise, the above workers ® reported that glyoxal bisphenylhydrazone was also oxidised. 
Melibiose and turanose consumed 3 mol. of reagent rapidly, whereas the Malaprad« 
theory requires that eac h should consume 4 mol. Ihe reason for this behaviour is obscure, 
but it might perhaps be attributed to intramolecular interaction between the liberated 
reducing groups and the phenylhydrazone groups. In all cases, the disaccharide osazones 

ive less than theoretical yields of formic acid 

Application of the above procedure to disaccharides containing a pentose residue as 
the reducing group should provide a distinction between those which contain 1>5-, 1+>4, 

] ind Mitchell, /., 1954, 4020 
bart McCormick, and Mitchell, /., 1955, 222 
’ Chargafl and Magasanik, /. Amer. Chem. Soc., 1947, 68, 1459 


* Courtois, Wickstrom, and Le Dizet, Bull. Soc. chim. France, 1052, 1006. 
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or 1+3-interglycosidic linkages. Periodate oxidation of the first (IIIT; R*® =< glycosy! 
2 2-bisphenylhydrazone (II), but not 


R! R H) would give rise to mesoxalaldehyde | 
formaldehyde, whereas the last (III; R! glycosyl; R? 3 H) would yield 
formaldehyde but none of the hydrazone (II), whilst a 1->4-linked disaccharide (IIT; 
%? = glycosyl; R! — R* = H) would produce neither formaldehyde nor the hydrazone 


(II). Small quantities of 5-O-L-arabinofuranosyl-L-arabinose and 3-0-L-arabinofuranosyl- 
lrolysis products of the araban 


L-arabinose have been isolated ® from the selective hydrol 

component of sugar-beet pectin and this technique has been utilised in determining the 

interglycosidic linkages present in these disaccharid 
In all cases where periodate oxidation of a phenylosazone gave formaldehyde, the rate 

of formation was concomitant with the uptake of reagent and is consistent with the acyclic 

formulation suggested by Barry, McCormick, and Mitchell ® and by Mester ' for phenyl 


oOsazones 
EXPERIMENTAI 


(i) Reagent solution “ Analak "’ potassium ferricyanide 


Determination of Formaldehyde 
olution concentrated hydrochloric 


was recrystallised from water, and then to a 2% aque 
d 1-16) was added (2 : 5 v/v respectively) 

Analak ’’ phenylhydrazine hydrochloride was dissolved in water (1; 3 w/v respectively), 
and the solution was boiled for 30 min. with a little charcoal, filtered through a hot funnel, mixed 
with concentrated hydrochloric acid (1:3 v/v respectively), and cooled [he colourless 
crystals were collected, washed with acetone, and dried over phosphoric oxide under reduced 
pressure, A 1% solution of this purified material in 0 
(pH 3-5) was prepared, ’ 

4 saturated solution of barium chloride was added to a 
carbonate (4: 1 v/v respectively), and the precipitate removed on the centrifuge [his reagent 


acid 


2y-sodium acetate—acetic acid buffer 


it ted solution of sodium hydrogen 


was prepared as required 
ound (eg., 4:50 mg. of aldo 


(ii) Method rhe appropriate amount of polyhydroxy comy 
hexose) was dissolved in water (ca, 20 ml.), freshly prepared 0-3M-sodium metaperiodate solution 
(2 ml.) added, and the mixture made up to 25 ml. with water and stored in the dark at room 
temperature At intervals, aliquot parts (2 ml.) were mixed with the barium chloride-sodium 
hydrogen carbonate reagent (2 ml.) contained in centrifuge tube 10 ml.). {When barium 

{ mm plete precipitated from solution, 


chloride solution was used alone, periodate was not « 
Oxidations carried out at pH >7-0 were buffered by the addition of saturated sodium hydrogen 


carbonate solution (2 ml.) and after withdrawal of aliquot parts (2 ml.) excess of periodate was 
removed by the addition of saturated barium chloride solution (2 ml] During such oxidations ™ 


the pH rose from 7-85 to 8-75 in 24 hr.] After being kept for 10 min., the solutions were 


3 were mixed with the 


clarified on the centrifuge, aliquot parts (2 ml.) of the supernatant liquid 
phenylhydrazine reagent (2 ml.) and set aside in the dark for 30 min Potassium ferricyanide 
reagent (7 ml.) was then added, and after 3 min. the mixture diluted with water to 50 ml 


lhe clear solutions were thoroughly mixed and the absorptior it 518 mu measured against a 
No. 623) or a “* Unicam’ 


blank determination, either an ‘‘ EEL "’ Portable Colorimeter (Viltes 
h was constructed over 


SP500 Photoelectric Absorptiometer being used A calibration graph 
the range 145 ug. of formaldehyde (from erythrito! Galactitol mannitol, and p-glucitol 
der unbuffered conditions 1 76, l BO, and 


yave after 3 hours’ oxidation at room temperature u 
1:70 mol. of formaldehyde respectively, and in the presence of sodium hydrogen carbonate 
1-96, 2-02, and 2-04 mol, of formaldehyde 

p-Galactose and p-glucose afforded 1-03 and 1-01 m f rl lehyde (constant values) 
lrogen carbonate 


respectively after oxidation for 35 min. in the presence of sodium 

Phenylosazone hese were prepared by Haskins, Hann, and Hudsor method; ™ the 

crude products were washed with benzene and recrystallised twice from ethanol-water Fach 

osazone gave a single zone when examined by chromatography * on Whatman No, | filter 

paper circles, with toluene-ethanol-water (270: 30° 1 is mobile phase and ammoniacal 

silver nitrate as spray reagent. The molecular t f the osazone vere determined by 
4 f the theoretical values 


jarry, McCormick and Mitchell's procedure * and wer: 


* Hough and Powell, unpublished results 
® Mester, /. Amer. Chem. Soc., 1955, 77, 4301 

Personal communication from M. B. Perry, Queen's University, Canada 
Haskins, Hann, and Hudson, /. Amer. Chem. Soc., 1046, 68. 1766 
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Peviodate Oxidation of Phenylosazone [he osazone derivative 14. 20 mg. accurate 
dissoived in 50 ) ethanol 1 40 mil , sometime heating and ibseg t 
COn 0-3mM-sodium metaperiodate (2 ml.) v added, and the hole made up to 50 ml. with 
A) ( \fter thorough mixing, the solution was stored in the dark and, at intet 
the periodate ptake and the liberated formic acid and formalde e were determined 
I , blank containing no osazone was worked concurrently I he periodate uptake 
estimated on portions (5 ml.) which were transferred into a mixture of 0-2nN-phosphate 
f 1170; 25 ml.) and 20% potassium iodide (2 ml Liberated iodine was titrated wit 
OO] thiosulphate solution with 1° tarch solution as indicato 
10, HCO H CH,O 1: 2-Li 
Wt Time onsumed liberated liberated hydrazone of 
zone of mg f mol t t mesoxalaldel e* 
Is-4 ’ 2-6 1-6 O94 
1h 29 I LO 
160 34) 1-9 iol 
1440 30 } 0-87 
} glu ‘ 21-5 5 20 0-5 112 
15 2 0-6 11S 
160 9.2 0-8 1-08 
1440 2 10 0-96 
POO 15 od) Od 86 
Ho 20) Oo Ov 
120 yy Oo Osu 
1440 Iu O07 
21-2 30 2-9 02 0-98 
240 8H Os 0-94 
460 3°7 0-6 0-95 
1440 5 OS 
Cellob ‘ 20-1 60 2-6 OS Ll 
180 0 O-6 L-Ol 
BOO 3-2 0-6 0-93 
1440 i Os 
| act ‘ v0 Ou 2:8 Ov 0-98 
180 34 Os 117 
450 3°7 0-6 1-OU 
1440 4°3 O-7 
Me 99-0 30 Ad | O-6 0 
180 3-7 Oy 0 
300 38 1-4 0 
1440 i6 1-0 0 
‘ 21-6 30 2:5 O-6 1-00 
Ls0 36 Li 1-00 
SOU ; 1-5 OU 
1440 17 oO” 
va | inosyl-! 23:6 BO 2-9 Ol 1-O4 
‘ 180 +6 Os 1-06 
360 30 Os 1-06 
1440 4°7 O7 
\--o : b’yral yi-t ot 30 1-02 
" 180 1-03 
360 1-2 
1400 0-88 
1) throhexu ‘ th. 60 0-90 
eralade le 2° 10 13 i 
120 13 0 
LSU 1-3 “ 
Mey t mixed 1 p. 198 1° and ultraviolet absorption lentical with that of an authent 
ln a total volume of 10 mi * In a total volume {25 m 
bor id was determined in another sample (5 ml afte vidition of ethylene 
4 t e for 15 min., and dilution with 50 ethanol (5 ml! by potentiometric titrat 
ii sv i OO] sodium hvdroxide The equi alence point v determined ™“ by potent 
etric t ti of standard solutions of formic acid in 50 ethano Addition of 0-O1N-for1 


lyyldithydroresorcinol Part Il 1803 


i lution of the phenylosazone 


| ot 1 t 1 ethanol (5 ml.) followed by back 
t fter 3 hi th @ OIN-sodium hydrox) rone did not consu i 
] ( t minatio we ( ad out « ple 2 mi is described above, a 
M r obtained by oxid ‘ thritol in 50 ethanol Lhe results are 
| When only s1 | quantities of ph e derivatiy were available 
ible mesoxalaldehyde | : 2-bisphenylhydrazone pr iced in the oxidation mixtures wa 
ited for characterisation by separstion on the centrif the ipernatant liquors were 
ed i form ehyde determinations The pl ( ‘ t oughly washed with 
iter an tallised from aqueous ethanol 
Phe losazones derived from 5-deoxy-L-aral f cle lose >: 6-dideox ’ 
‘ rhamnose, and L-fucose gave mesox hyd 1 : 2-bi enylhydrazone ad no 
wn leh ycde ! votetrose phenylosazone gave both formaldehyde and the hydrazone (11 
Ve thank I ‘ J}. K. N. Jones and Dr, P. A ecu One of us (B. M. W 
f to the University of Bristol for tl ( lua wolarshiy \s regar 
r | or (D. B. P this work form irt of the 1 ramme of the Food Investigation 
the Department of Scient 1 | ti | ea 
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Aryldihydroresorcinols. Part 11.* The Influence of the 
Nitro-qgrowp in Dihydro-5-o-nitrostyrylresoreinol. 


By KE. E, AYLING a 


nd D. A, DAvi 
i] ro-5-styrviresorcinol rese the t! i yl 
‘ 
1} fluence of the nitro-group t ty! orel i 
le marked than that in dihydronits Ire reinols. the nitrostyrvl 
‘ P ith the tyrvl and the ( nd but a ttle le 
ictive 


Din yYDRO-5-ST' 


} 
il 


phosphor 
5-stvt 


rhtly le 
¢}] 1,2 
/ ' 4 

ow 
et I 


YRYLRESORCINOL behaves a i typical dihydroresorcinol in it reaction 


us halide With phosphorus trichloride and tribromide 3-chloro 
yleyclohex-2-en-l-one respectively are obtained, in yield 


comparable with 
than those of the corresponding hal ketones given by dihydropheny 


and 


With two molecular proportions of phosphorus pentachloride the dihydro 
| 1 : 3-dichloro-5-styryleyclohexa-|l : 3-diene and with four molecular 
5-dichlorostilbene Dihydrostyrylresorcinol appears to be somewhat mort 
ls ] phorus pentachloride than is dihydrophenylresorcinol * but not quit 
dihydrodimethylresorcinol,* the respective yields of the corresponding 
idienes being 79, 62, and 85 With phosphorus pentabromide only a 
itive could be isolated, apparently 2-bromo- 4-cibromopheneth yldi 
the formation of which is pr ibly d to the tendency of phosphoru 
» behave as a mixture of bromine and phosphorus tribromide in this type of 
position and the ethylene bond be r attacked 


ne, dihydrostyrylresoreinol behave is an alkyl- rather than as an aryl 


ince it yields 2: 2-dibror 5-23-dibro phenethyldihydroresorcinol, 
dihydrodimethylresoreinol (which the 2: 2-dibromo-derivative),® 
drophenylresorcinol (which only gives the 2-bromo-derivative 4) 


Ls seur, /., 1903, 83, 113 


| Imani innal n, 1902 $22, 257 
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Whilst dihydronitrophenylresorcinols differ considerably from dihydrophenylresorcinol 


in their reactions with phosphorus chlorides,’ the influence of the nitro-group in dihydro-5 
o-nitrostyrylresorcinol is much less marked. The dihydroré 
h-o-nitro tyrylc% lohex-2 


orcinol yields 3-chloro 
clohex-2-en-l-one with the 


and 


appropriate phosphorus trihalide, 
alt! in slightly smaller yield than is obtained from the styryl compound. With either 
t or four molecular proportions of phosphorus pentachloride the only product 
lated was 3: 5-dichloro-2’-nitro tilbene 
lo an Ca 


[his was unexpected and was probably due 
conversion of the expected dichlorocyclohexadiene into the stilbene derivative 
these conditions.* An excess of bromine yielded only a dibromo-derivative, with no 
apparent addition at the ethylenic bond of the nitrostyryl group, probably owing to a 
deactivating influence of the nitro-group. 

fhe reactivity of 5-aryldihydroresorcinols has been 


alfinit ort 


acetic acids, 
reinol, 
transmitted throug! 


correlated 7 with the electron 

arvl group (cf. also Part I) and the resemblance of the styryl compound to 
an aikyl rather than an aryl compound would be expected, the relative affinities of the 
phenyl, styryl, and methyl groups being indicated by the strengths of the acids: benzoic, 
cmnat ind 


10°K 6-27, 3-65, and 1°75 respectively. With dihydro-5-o 
the electron affinity of the nitrophenyl group should not be 
i the ethylenic 


bond to any marked extent but the electron-donating 
pr rt of the aralkyl group would be weakened, and the strength ® of o-nitrocinnami 
10° 7-07) indicates that the dihydroresorcinol should resemble, but be somewhat 
ctive than, the phenyl compound, 
Dil o-5-o-nitrostyrylresorcinol was only obtained in poor yield from 6-o-nitropheny! 
3 §-dien-2-one, considerable polymerisation still occurring even when ether was 
ibstituted for ethanol or benzene as the reaction medium. It was more satisfactory to 
late | then hydrolyse the ethyl dihydronitrostyrylresorcylate rather than to hydrolyse 
the ester without isolating it.4° Alternative routes via diethyl o-nitrocinnamylidens 
ilonate o1 nitrostyryljacrylic acid were even less fruitful 
IX PERIMENTAL 
f f Phosphorus Trichloride on Dihydro-5-styrylresorcinol Dihydrostyrylresorcinol ¥ 
ig J 1.) was suspended in dry chloroform (15 c.c.) and heated with phosphorus trichloride 
164 1 mol.) for 3 hr lhe chloroform was evaporated and crushed ice added to the residue, 
the ture then being extracted with ether The extract was washed with 4% sodium 
! lroxice ution and water, and dried (N t,>0,) | vaporation of the ether vielded 3-chloro 
)-styrylcyclohex-2-en-l-one (3-2 g., 59%) as a pale yellow oil, h solidified when frozen, and 
yst 1 from aqueous Tie thanol as a muicrocryst illine powder mm, p 14 (I ound ( l, 15-1 
C,H ,,0C1 requires Cl, 152%) 
{ n of Phosphorus Pentachloride on Dihydro-5-styrylresorcinol 1) The dihydroresorci 
10 | | ‘ suspended in dry chloroform (25 c. phosphorus pentachloride (19-5 
o 4 dded in small quantitic and the mixture heated under reflux for 3 hr The above 
yrocedure gave 1° 3-dichlovo-5-styrylcyclohexa-1 : 3-diene (9-3 g@ 79 b. p. 140°/0-23 mm 
| lified and erystallised from aqueous ethanol in plates, m. p. 83° (Found: C, 67-5 H, 
5-0 C,,H,,Cl, requires C, 67-0; TH, 48% 
i] 


ihydroresorci suspended in dry chloroform (15 ¢.c.), phosphoru 
ride (19-5 ¢., 4 mol.) gradually added, and the mixture heated on a water-bath for 3 hi 
i! 4 j it pr wedure 


{ as above yielded 3 : 5-dichlorostiulbene 
p. 164 166°/0-7 mm., which 


, olidified when frozen and crystallised from 
rt me le m. p. 80°, depressed by ~25° when mixed 
Found: C, 67-6; H,43. C,H 


101 (5 2., | mol.) was s 


as a reddish-yellow oil (5 g., 86 
iqueous methanol in 


with the above dichlorostyry 


if 
ro ly Tequires C, 67-5; H, 4.0% 
| ; f Pp) phorus Tribromide on Dihydro-5-styrylresorcinol Che dihydroresorcinol (5 g 
’ | ispended in dry chloroform (15 c. and heated with 


sphorus tribromide (3-1 
1 Dippy, /., 1930, 1387 

f é ind Le Sueur, /., 1902, 81, 1534 
Dipy Chem / , 1939, 25, 206 

rossley and Pratt, /., 1915, 107, 173 
\ der and Erig, Annalen, 1897, 294, 312 
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for 3 hr the above procedure gave 3-bromo-5 leyclohex-2-en-l-one (3-5 g., 54° 


fied and crystallised from aqueous ethanol in white needles, m. p. 69° (Found: ¢ 


60-4; H, 4-8; Br, 28-9. C,,H,,OBr requires C, 60-7; H, 4-7; Br, 28-8 


{ction of Phosphorus Pentabromde on Lihydro-5 rylresorcinol [he dihydroresorcinol 
5 g., | mol.) was suspended in dry chloroform (15 c¢.c.), and phosphorus pentabromide (20-1 g 
2 mol dded in small quantities Phe mixture wv heated tor 3 hr. and, by following the 
usual procedure, a red oil (7-25 g.) was obtained. Cooling and addition of ether yielded a pink 
olid (2-9 g.), which was dissolved in methanol, treated with charcoal, heated to boiling, and then 
filtered \ddition of water to the filtrate precipitated 2-bromo-5-a8-dibromophenethyldihydro 
vesorcinol as a white solid which, crystallised from ethanol, had m. p. 155° (Found: C, 37-0; H 
2-8. (C,,H,,0,Br, requires C, 37-1; H, 2-99 Ihe ether solution yielded a red oil which 
decomposed when distillation under reduced pressure was attempted 

Action of Bromine on Dthydyvo-5-styrylresorcinol Bromine (2-8 g., 3 mol.) in dry chloro 
form (24 ¢c.c.) was added during 1 hr. to a suspension of the dihydroresorcinol (1-07 g., 1 mol.) in 
chloroform (15 c.c.) Next day the suspended solid was filtered off and dried in a vacuum 
desiccator over sodium hydroxide. Crystallisation from aqueous acetone yielded 2 : 2-dibromo 
5-a8-dibromophenethyldihydroresorcinol, m. p. 185° (decomy Found Gr, 69-2. C,,H,,0,Br, 


requires br, 60-1%) 
Treatment of the dihydroresorcinol (1 mol.) with bromine (1 or 2 mol.) as above yielded only 


mixtures frem which no pure compound could be isolated 


Action of 2: 4-Dinitrophenylhydrazine on Dihydro-5 ryl yeinol Ihe dihydroresorcinol 
(0-54 g@., 1 mol.) and 2: 4-dinitrophenylhydrazine (0-92 g., 2 mol.) were heated to boiling in 
ethanol (50 c.c.) Phe solution was cooled slightly, concentrated hydrochloric acid (1 cc.) 
added, and the solution heated under reflux for 2-5 hr During the heating dthydrostyryl 


resorcinol bis-2 : 4-dinitrophenylhydrazone trihydrate separated as a yellow solic, m. p. 188 
1-36 g., 87%) (Found: C, 50-4; H, 42; N, 17-3 Cagtl,.O,N,,3H,0O requires C, 49-7; H, 4-5 


N, 17-8%). Crystallisation from aqueous acetone gave the monohydrate as a dark purple solid, 
m. p. 228°, the change in colour suggesting such a lo of water of crystallisation (found ( 
53-3; H, 3-9; N, 18-5. C,,HO,N,,H,O requires C, 52:7; H, 4-1; N, 18-99 
6-0-Nitrophenylhexa-3 : 5-dien-2-one A mixture of o-nitrocinnamaldehyde (10 g.), acetone 
(30 c.c., excess), water (200 c.c.) and 10% aqueous sodium hydroxide (8 ¢.c.) was shaken for 


24 hr. at room temperature. 6-0-Nitrophenylhexa-3 : 5-dien-2-one separated as a brown solid 
which crystallised from light petroleum (b. p. 80—-100°) in pale yellow needles, m. p. 73-5 


9-1 g., 74° Diehl and Einhorn ® record m. p. 73-5 
kthyl Dihydro-5-o-ntitrostyrylresorcinol-4-carboxylat odium (2 ¢., 1 g.-atom) was dissolved 
rapidly in ethanol, excess of which was then removed under reduced pressure, and to the resulting 
dium ethoxide was added ethyl malonate (17 c.c., I mol.) As soon as the sodium ethoxide 
had reacted with the ester, ether was added, a finely divided precipitate of ethyl sodiomalonat: 
bei obtained 6-0-Nitrophenylhexa-3 : 5-dien-2-one 19-0 @ 1 mol.) was then added 
rradually with shaking and the mixture heated under reflux for 48 hr lhe sodium salt of the 


dihydroresorcylic ester, which separated during the condensation, was filtered off and dissolved 


in water, the solution then being shaken with ether until the ether ceased to be coloured yellow 
The aqueou olution was acidified and the liquid decanted from the light brown oi! 
vhich separated lrituration of this oil with ethyl acetat e ethyl dihydro-b-o-nitrostys 
} , nol-4 irh rylate a8 a light brown solid whi h crystallised from : queou ethanol as a pral 
yellow powder, m. p. 144° (6-4 g., 22%) (Found: C, 61-8; H, 50. C,,H,,O,N requires C, 61-6 
H, 5-2 

Wi! 1 ethanol or benzene (cf. Part 1) was employe the re ti medium polymerisation 
of the sat rated ketone occurred, and no dihyd re c est ) 1 be ited A simular 
result was obtained when toluene, anisole, dioxat ht petre im (b. p. 80-——100°) wa 
employed ubstitution of piperidine for sodium eth: le as the condensing agent in ethanol 

ition w ilso unsuccessful 

Dihydro-5-o-mtrostyrylvesorc.nol The dihydroresorcylic ester (6-4 ¢ heated in 10 
aqueous sodium hydroxide for about 15 min. at 70 t 1 ortho eno precipitate whe 
a fied Che bulk of the solution was then acidified | boiled, dthydro-5-o-ntlrostyvylresorcinol 
eparating as a dark brown solid, which crystallised from aqueous ethanol as a yellow micré 
crystalline powder, m. p. 141° (3 g., 60%) (Found: C, 66-0; H,52; N,52. C,H yO,N require 


C, 64-9; H, 5-1; N, 6-4%) 


1 Diehl and Einhorn, Ber., 1885, 18, 2327 
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Condensation of 0-Nitrocinnamaldehyde with Ethyl Malonate.—A mixture of ethyl malonate 
%g., | mol.), o-nitrocinnamaldehyde (10 g., 1 mol.), and piperidine (0-2 c.c.) was kept in a closed 
flask for 2 days and then heated on a water-bath for 16 hr. Ether was then added and the 
olution washed with acid and water, and dried (Na,SO,) Removal of ether and distillation 
under reduced pressure yielded unchanged ethyl malonate and then a light yellow oil, of which 
only a small quantity could be collected, since much charring occurred owing to presence of 
unchanged aldehyde Ihe yellow oil solidified and crystallised from aqueous acetone, to give 
ethyl 2-nitrocinnamylidenemalonate as short yellow needles, m. p. 92° (1-8 g., 10%) (Found: ¢ 
60-3; H, 6&2. CygHy,O,N requires C, 60-2; H, 5-4%) 

iction of Phosphorus Trichloride on Dihydro-5-o-nitrostyrylresorcinol Ihe dihydro 
resorcinol (3 g., 2 mol.) was suspended in dry chloroform (15 c.c.) and heated with phosphorus 
trichloride (0-% g., 1 mol.) for 3 hr. The mixture was washed several times with 4% aqueous 

dium hydroxide and then water, and the chloroform layer dried (CaC},) Evaporation of the 
orm gave a yellow oil (1-75 g., 54%) which solidified and crystallised from aqueous 
ethanol, to yield 3-chloro-5-o-nitrostyrylceyclohex-2-en-1-one as yellow needles, m. p. 55° (Found 
(, 606; H, 43. Cy,H,,O,NCI requires C, 60-5; H, 4.4%) 
If the usual procedure, removal of chloroform and then washing with alkali, was employed, 


the chloro-ketone was hydrolysed very rapidly to the original dihydroresorcinol. 
iction of Phosphorus Pentachloride on Dihydro-6-o-nitrostyrylresorcinol.-(a) The dihydro 
resorcinol (2 g., 1 mol.) was suspended in dry chloroform (10 c.c,), and phosphorus pentachloride 
+2 ¢., 2 mol.) added gradually The mixture was heated for 4 hr. and, by following the usual 
procedure of evaporating the chloroform and extracting with ether, a yellow oil was obtained 
It passed in ether through a short column of neutralised alumina Ihe ether eluates yielded 


3: 5-dichlovo-2’-nitrostilbene (1:45 g., 64%), which crystallised from aqueous ethanol as yellow 
needles, m. p. 136° (Found: C, 567-56; H, 3-4. Cy,H,O,NCI, requires C, 57-2; H, 3-1%) 
b) The dihydroresorcinol (2 g., 1 mol.) was suspended in chloroform (10 c.c.), phosphorus 
pentachloride (6-4 g., 4 mol.) added in small quantities, and the mixture heated for 4 hr rhe 
ual procedure gave 3: 5-dichloro-2’-nitrostilbene (1:9 g., 84°), which solidified almost 


immediately and crystallised from aqueous ethanol in small yellow needles, m,. p. and mixed 


p. 136 

ction of Phosphorus Tribromide on Dihydro-5-o-nttrostyrylresorcinol Che dihydroresorcinol 
2 2 mol was suspended in chloroform (10 ¢.c.) and heated with phosphorus tribromide 
LOS 5 1 mol.) for 3 hr Subsequent procedure yielded a yellow oil which was passed in ether 


through a column of neutralised alumina (30 g.) On elution with ether 3-bromo-5-o-nitro 


tyrylcyclohex-2-en-l-one was obtained Ihis solidified (1 g., 40%), and crystallised from 


aqueous methanol in pale yellow plates, m. p. 70° (Found; C, 52:3; H, 36. C,H yO,NBr 
requires ¢ , 52-2; H, 3-8° 


tclion of Bromine on Dihydyro-6-o-nitrostyrylresorcinol Bromine (4 g., 3 mol.) in dry 
chloroform (30 ¢.c.) was added during 2 hr, to a suspension of the dihydroresorcinol (1:3 g 
1 mol.) in chloroform (15 c¢.c.), a pasty brown solid separating Next day the solid was filtered 
off and dried over sodium hydroxide Crystallisation from aqueous acetone yielded 2; 2-d 


bromodthydro-5-o-nitrostyrylresorcinol as a pale yellow microcrystalline powder, m. p. 146 


Four Br, 39-3, Cy,H,,O,NBr, requires Br, 38-4% 
One of us (D. A. D.) acknowledges a grant from the Swansea Local Education Authority 
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938. The Degradation of Xylobiose and Xylotriose by Alkali. 
By G. O. AspInaLt, (Miss) Mary E. Carter, and (in part) M. Los. 


The 1: 4-lactone of (-+-)-2 : 4-dihydroxy-2-hydroxymethylbutanoic acid 
iesised from 1: 4-ciacetoxy 


ylotsosaccharinolactone) has been ynti 
butan-2-one The alkaline degradation of xylobiose and xylotriose has been 
tudied, and xyloisosaccharinolactone | been identified as a major 


degradation product 


[He xylans, which constitute the major fraction (other than cellulose) of the cell-wall 
polysaccharides of many land plants, normally require the use of alkaline solutions for 
their removal from the plant. Structural studies ' have shown that all the xylans so far 
examined from land plants contain a backbone of | : 4-linked 6-p-xylopyranose residue 
but that the several xylans differ in the number, nature, and mode of linkage of the sugar 
residues attached as side-chains. We have little knowledge, however, of the extent to 
which these polysaccharides may have undergone structural modification during their 
isolation by a process analogous to the alkaline degradation of reducing sugars. We 
now report on the alkaline degradation of 4-0-8-p-xylopyranosyl-p-xylopyranose (xylo 
biose) (I) and xylotriose, oligosaccharides chosen as model compounds containing the 
1 : 4-linkages typical of the xylans. Since the appearance of a preliminary account 4 
of some of the following results, Whistler and Corbett * have published the results of a 
imilar investigation 

It would be expected from work by Corbett, Kenner, and Richards * that 1 : 4-linked 
xylo-oligosaccharides fe.g. xylobiose (I1)} would be degraded by alkali with the formation 
of xylotsosaccharinic acid (II). This acid contains only one asymmetric carbon atom, 
marked *, and if degradation proceeds by the type of mechanism indicated involving a 
benzilic acid rearrangement in the final stage a racemic product would be expected. To 
facilitate subsequent studies this acid was synthesised | : 4-Diacetoxybutan-2-one, 
prepared by the hydration of butyne-1 : 4-diol diacetate, was converted into the cyano 


CHO H,OH CH,-OH CH,-OH 
H-C-OH ° Cc , co 
HO-C-H co HO-C:H a HO ©) a HO ¢ - 
H C OX H-C-OX H-¢ &x H ¢ xO 
1) CH,-OH CH,-OH CH,-OH cH, OH 
CH,OH CH,-OH 
co *C(OH)-CO,H 
co > CH, (X = D-xylosyl) 
CH, CH, OH 
CH, OH I] 


accompanied by removal of the 
wd 


hydrin; hydrolysis of the crude cyanohydrin, which w 

acetyl groups and lactonisation, yielded the 1: 4-lactone (III) of (4+.)-2 : 4-dihydroxy 
hydroxymethylbutanoic acid (II). The structure of the lactone was confirmed by the 
isolation of formaldehyde and a-tetronic acid ® on periodate oxidation 


1 Hirst, /., 1965, 2074 


* Corbett, Kenner, and Richards, /., 1955, 1810, and pre papers in the series " The Degradation 
{ Carbohydrates by Alkali 
» Asy ll, Carter, and Los, Chem. and Ind, 1955, 1553 
,\ er and Corbett, /. Amer. Chem. Soi 1956, 78, 1003 
Lozac'h, Bul ¢. chim. France, 1944, 11, 514 


and Hinder, Helv. Chim. Acta, 1947, 30, 1349 


{808 Aspinall, Carter, and Los : 

Although most recent studies of the alkaline degradation of carbohydrates * have 
involved the use of lime-water, we have investigated the action of ca. N-sodium hydroxide 
(in the absence of oxygen) on xylobiose (1) and xylotriose in order to simulate the conditions 
normally employed in the extraction of xylans from lignified tissue Preliminary experi- 

nts showed that the reaction patterns were similar with both reagents and we have 
ilready reported the isolation of the lactone (III) from the reaction of lime-water on 

ylobiose.* Paper chromatography showed that xylobiose when treated with alkali 
produced four lactones, one of which travelled at the same rate as the synthetic lactone 
IT] Che other three lactones were also detected as products of the alkaline degradation 
of b-xylose and it is probable that these were the lactones of the isomeric “ erythro ’’- and 
‘ threo "’-p-2: 4: 5-trihydroxypentanoic acids (IV and V) and of 2: 4-dihydroxybutanoi 
acid (VI) isolated by Nef from the action of 8N-sodium hydroxide on p-xylose.? The 
isolactone (III) could not: be detected amongst the degradation products of p-xylose. 
When an acid-degraded esparto xylan was treated with N-sodium hydroxide, chromato- 
graphic examination of the products showed the presence of the :solactone and an unknown 
tance which moved more slowly on the chromatogram; the three lactones known 

» be fort from xylose could not be detected. The unknown substance was an este! 
or lactone which yielded xylose and the isolactone on hydrolysis; insufficient of this com 
ind was available for a full characterisation, so that its importance as a product cannot 

ed, It is possible, however, that the compound was a reversion product derived 

ylose and the tsolactone as a chromatographically similar substance was shown to be 
roduced when an alkaline solution of the acid (II) and p-xylose was de-ionised with 
ition-exchange resin and concentrated; as no lactones of the acids (IV), (V), and (VI) 

re detected during the xylan degradation it is unlikely that xylose was formed as a 
reaction intermediate, but it is possible that xylose might have been produced by the 
hydrolysis of unchanged xylan during the concentration of the acidic product The 
absence of the lactonisable acids (IV), (V), and (VI) during the xylan degradation suggests 
that these straight-chain acids arise only from xylose, and that their presence amongst 
the degradation products of xylobiose and xylotriose indicates the formation of xylose 
in the course of the reaction of these oligosaccharides with alkali—xylose, indeed, was 
detected chromatographically in these reactions. This suggests that the degradation of 

ylobiose and xylotriose with alkali involves a “‘ peeling ’’ reaction * of the type 


xylotriose > xylobiose —» xylos 


each successive reducing sugar residue gives rise to acidic products with the 
neous exposure of a new reducing group. 


CH,OH CO,H CO,H CO,H 
C(OH)-CO H-C-OH HO-C-H H-C-OH 
| 


fH 


| 


| 
CH, CH, 
| 


H-C-OH H-C-OH CH,-OH 
CH,OH (IV) CH,OH (\ Vi 


accharinolactone (III) was isolated by chromatography from the product 
of the aetion of ca. N-sodium hydroxide on both xylobiose and xylotriose, and was identical 
with the synthetic lactone. In neither case was optical activity observed. It is possible 
that the low optical activity observed for the similar product isolated by Whistler and 
Corbett * either arose from a contaminant or resulted from a partial resolution during its 
eparation vta tlie brucine salt 
Quantitative measurements of the acids produced during the alkaline degradations 
vere carried out by a modification § of Bamford, Bamford, and Collins’s method,® in which 


f, Annalen, 1910, 376, 1 
! and Richard ] 1054, 1784 


rd, Bamford, and Collins, Proc. Roy. Soc., 1950, A, 204, 85 
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the lactonisable and non-lactonisable acids were differentiated. From the quantities of 
lactonisable acids formed from xylose, xylobiose, and xylotriose (0-35, 0-75, and 1-16 mol., 
respectively), taken together with the quantities of xylo:sosaccharinolactone isolated from 
xylobiose and xylotriose (0-38 and 0-82 mol.), it is reasonable to conclude that the same 
quantities of acids (IV), (V), and (VI) are produced in each case, and that the additional 


quantities of lactonisable acid formed from xylobiose and xylotriose can be accounted for 
in terms of the tsosaccharinolactone. Such an observation is again consistent with a 
“ peeling ’ mechanism for the alkaline degradation of xylobiose and xylotriose, It 1s 
clear, however, from these quantitative measurements that the degradations also result 
in the formation of non-lactonisable acids and that formation of saccharinic acid is not 
the only reaction in which glycosidic bonds are broken with the exposure of new reducing 


groups 


EXPERIMENTA 


Paper-partition chromatography was carried out on Whatman No. | filter paper with th 
llowing solvent systems (v/v) A) ethyl acetate ridine-water (10; 4:3); (B) butan-l-ol 
formi cid-water 500; 115: 385; top layer) ; ind =(( ethyl acetate—acetic acid—water 
10:13: 1 
1 : 4-Lact f 2: 4-Dihydroxy-2-hydroxymethylbutanoic Acid (Xyloisosaccharino 
lacton | : 4-Diacetoxybutan-2-one ® (15-9 g.) was shaken with a solution of sodium meta 
isulphite (16 g.) in water (40 ml.), and a solution of potassium cyanide (10 g.) in water (25 ml.) 
then added slowly with shaking during 0-5 hr., the temperature being maintained at 0°, The 
nixture was extracted with ethyl acetate and the ‘extract was evaporated The resulting 
ruj hydrolysed with a mixture of concentrated hydrochloric acid (20 ml.) and water 
30 n it 60° for 2 hr, and set aside overnight at room temperature Acid was removed by 
distillation, the d residue was extracted with ethy! acetat ind the extract filtered after 
partial removal of solvent the 1: 4-lactone of 2: 4-dihydroxy-2-hydroxymethylbutanotc acid 
6:2 2.) crystallised on cooling. After recrystallisation from ethyl acetate the lactone (5-8 g 
had m. p, 95-5—96-5° (Found: C, 45-6; H, 62. C,H,O, requires C, 45-5; H, 6-1%) 
Periodate Oxidation of Xyloisosaccharinolactone a) Identification of formaldehyd Sodium 


netaperiodate solution (5 ml.; ca, 0-3mM) was added to a solution of the lactone, and set aside 


overnight. Excess of periodate was destroyed according to Bell's procedure and addition of 
dimedone (160 mg.) in ethanol (2 ml.) yielded the formaldehyde derivative, m. p. and mixed 


m. | 

(b) Identification of a-tetronic acid. Sodium metaperiodate solution (1-78 g. in 175 ml. of 
water) was added slowly during 6 hr. to a solution of the lactone (1-11 g.) in water (25 ml.) 
Next morning the solution was extracted with ether for 6 hi Evaporation yielded a solid which, 
ifter four sublimations and two recrystallisations from benzene, had m. p, 109-—-110° and 


mixed m. p. 106-—-109° (with a-tetronic acid, synthesised by Schinz and Hinder’s method; ¢ 


m, p. 105-—-106 

Preparation of Xylobiose and Xylotriose i-sparto, hemicellulose (50 g.) was shaken in water 
750 ml r 24 hr., water (3-25 1.) and n-sulphuric acid (1 1.) were added, and the mixture wa 
heated on a boiling-water bath for 100 min Che cooled solution was neutralised with sodium 
hydrogen carbonate and set aside for 48 hr. at 4 \ small quantity of degraded esparto xylan 
eparated and was used in a subsequent experiment Ihe solution was concentrated and 
poured « charcoal-Celite (1:1, 56 7 cm.); elution with water removed monosaccharides 

lose togethe ith small amounts of arabinose) and inorganic salt Elution with ethanol 

ter (1: 19; 131.) and ethanol—water (3:17; 61.) yielded fractions 1 (4-2 g,) and 2 (2-5 g.) 
consistin largel of xyvlobiose and xylotriose re pectivel binal purifications were effected 
by chromato phy on filter sheets (Whatman 4M\N olvent A being used A sample of 
xylobiose wa tallised from aqueous methanol containing a little light petroleum (b. p 
60--80°) and had m. p. and mixed m, p, 183-187 lhe xylotriose was characterised by 
( into the octa-acetate, m Pp 110 Whistle ind Tu™y port m. p Lov 110°) 

Deter tation of Acids Produced by the Action of Alka nA é, Xylobiose, and Xylotr 
( ( t ph y pure sugars were dissolved in rbonate-free sodium hydroxide solution 
25 ml.) under ygen-free nitrogen rhe mixture w et aside at room temperature (16-15 

j 


tler and Tu, /. Amer. Chem 1952, 74, 4334 


vadation of Xylobiose and Xylotriose by Alkali. 


2 mi.) were wn periodically and were passing through a 
1-2 em.) of Amberlite resin 1K-120(H) (ca. 25 g column was then 
and the eluate was titrated potentiometrically | irbonate-free 
After the electrodes had been washed, the 
id (0-5 ml.: « and concentrated to ca, 15 m 


1K10 lhe Deg 
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1812 Wiles and Thomas: The Infrared Absorption Spectra of the 


rhe spectra of unsymmetrically substituted methoxyanthraquinones gave evidence of 
a splitting of the carbonyl band. Yates, Ardao, and Fieser,* from an infrared study of 
did not consider that the presence of two different conjugated 
In agreement with our result 
et al., found that the 


ubstituted p-benzoquinons 
ccessarily led to splitting of the carbonyl band. 
Deschamps,‘ using a higher degree of resolution than Yat 
rbonyl band is always split in unsymmetrical p-benzoquinons 
Hydrochlorides of \-Methoxyanthraquinones..-Many polycyclic ketones (e.g., xanthon 
thones, and anthraquinones) which have a carbonyl in the pert-position to 
group are markedly basic. These halochromic compounds were extensively 


miles and his co-workers, and have recently been further examined.* ® 


rh 
initi 


i 


(II) (111) 


and Smiles 7 uggested that the cations of thes« compounds have a hydroge i 


rt 
IIT) sefore the electrostati: 


ked to methoxyl in a chelate 6-membered ring (cf 
f the bond was realised it was thought that the salts owed their stability to 


tabilization 
methoxyl group is capable of forming chelate ring Thus the infrared spectra of 
phenol ® and o-methoxybenzoic acid * show marked shifts in the position of the 
band 
eric structures such as (I) which have a positive ether-oxygen atom and an 
‘ative charge on the carbonyl-oxygen atom suggested the possibility that 
It was 


ition might occur to the carbonyl oxygen (as in IV) but with no chelate ring 


C-OH ———> C-O-H (IV 


formation on the infrared 
If formulation (II1) 
to be 


crest, therefore, to study the result of hydrochlorid 


carbonyl group in 1-methoxyanthraquinon 


tion of the 
sion) of the carbonyl frequency 1 


rrect a marked diminution (or suppre 
while structure (IV) would cause only a small effect 
of the methoxyanthraquinones (methoxyl at 1: 4-,1:5-,1:4:5 

 : 8-) were prepared by passing dry hydrogen chloride over the solid anthra 
cooled by solid carbon dioxide. Under these conditions a considerable number of 


drogen chloride were absorbed, but warming to room temperature in a stream 
The hydrochlorides dissolved 


dro hloride S 


quinone 
nols. of | 
of hydrogen chloride gave the dihydrochloride as residue 
unchanged in chloroform, and the infrared spectrum of each solution so obtained was super 
n that of the parent methoxyanthraquinone. For each hydrochloride there 


Imposed on 
i very small decrease (1-3 cm.~') of the carbony] frequency 
tructure (III) is therefore incorrect. Moreover, structure (IV) in which the carbony! 
» is protonated is also incorrect since there was no hydroxy! bond absorption around 
lurthermore the carbony! frequen y was only slightly perturbed, there was no 


d change in the intensity of the absorption on hydrochloride formation, and the 


y Ardao, and lieser, J Amer. Chem, Soc,, 1956, 78, 650 

| 1056, 242, 3067 

W ile J/., 1062, 1358 

\ I Daughan, / , 1953, 033 
miles, /., 1929, 1322 
ind Hendricks, /. Amer 


vivre, 1939" 143, 199 


ind Deschamps, Compt. rend., 
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ultraviolet spectra of the methoxyanthraquinon s and of their hydrochlondes showed 
no conspicuous differences 

Ihe above-mentioned facts, and the marked instability of the hydrochlorides, is 
explained by weak hydrogen bonding of the carbonyl oxygen with hydrogen chloride, 
C=O*++H-Cl (V). An attempt was made to locate an H-Cl stretching frequency 
between 2000 and 2800 cm.~!, but at the concentrations permissible none was found 


Recently the infrared carbonyl frequency of the polynuclear quinone, hypericin penta 


methyl ether, and of its hydrochloride have been measured as dispersions in potassium 
bromide. ! Dh parent compound absorbed at 1640 cm. '! and the hydrochloride at 1610 
m7} The considerable difference is attributed to hydrogen bridges between the carbonyl 
and methoxyl groups of the type given in (III [his ether is much more basic than the 


methoxyanthraquinones, but it is our ¢ xperience that infrared measurements of carbonyl 
compounds in the solid phase may be unreliabl 


At low temperatures, ketones add a considerable number of molecules of hydrogen 
chloride in non-stoicheiometri« proportions ® and the effect on the carbonyl frequency of 
uch addition was also examined. Dry hydrogen chloride was passed for several hours 
over a thin layer of the solid anthraquinone cooled by solid carbon dioxide Che highly 
coloured product was then rapidly transferred into chloroform and the solution stored at 
i low temperature until its spectrum was recorded e results given in Table 2 were 
lABLE 2 
{ OMe l4 1:4:5 2:46:6:8 
{ CO frequency 4 . 8b 
cf att é { i ‘ 
inexpected fhe outstanding feature is the tmnerease in carbonyl frequency, in some 
instances considerable Ihe mesomeric effect which operated in the parent compound to 


weaken very slightly the carbonyl link has now been suppressed, the electronic change 
ire reversed in direction, and the carbonyl bond is strengthened 

rhe literature has a few isolated examples of the strengthening of a bond on proton 
ition. Bernstein and Martin ** found an increase of the N-O frequency in the Raman 
pectra of hydroxylamine hydrochloride Witkop ™ has shown that the infrared absorp 
tion of the “C=N~ group in aromatic Schiff bases and in pyridines invariably moves to 
shorter wavelengths on salt formation, while Hammick and Roe have found that in the 
formation of the hydrochloride of Besthorn’s Red the protonation of a nitrogen atom results 
in a considerable frequency increase in a neighbouring carbonyl! group 

It is difheult to provide a reason for the strengthening of the carbonyl bond in the 
anthraquinone polyhydrochlorides. Protonation of the methoxy-group instead of the 
carbonyl group would have this effect, but it would then have been expected to occur in 
hydrochloride formation at room temperature. A possible explanation is that the additional 
molecules of hydrogen chloride are associated with t electrons of the aromatic nuclei 
thereby reducing the polar nature of the carbonyl group. Hrown and Brady ™ found that 
the solubility of hydrogen chloride in dilute solutions of aromatic compounds at —78° i 
i measure of the basi properts of the aromatic nuclei, and they ugvest that a weak 
nteraction between the x~-electrons of the ring and the polar hydrogen chloride molecul 


EXPERIMENTAI 


laterial LT methoxyanthraquinones have been deseribed,? but 1:4: 5 -(rimethoay 
nlhvaguir j ew Complete methylation of the l 4 > tohbyvdroxy compound was 
uccessiul, and the trimethyl ether was prepared from 1: 4: 5-trichloroanthraquinone 
1:4: 5-Inchloroanthraquinone (1 mol.) was heate it dium methoxicde 12 mols.) in 
net nol for 9 hr. at 165 Che product, recrystallise twice tror nut 2-ol, had m. p, 209° 
Found: C, 683; H,50; OMe, 30-5. ©,,H,,O jires C, 68-5; H, 4-7; OMe, 31-2%) 
km j ! Franck, Naturt 1955, 42, 70 
he tein and Martin, Trans. Roy. Soc. Canada, 1037 31, 05 
Witkop, Experientia, 1954, 10, 420; J. Amer, ¢ , 1054, 76, 5507 
Hammick and Roe, Chem. and Ind., 1953, 900 


Brown and Brady, /. Amer. Chem. Soc., 1952, 74, 4570 


1814 Kinsley and Plant [he Formation of 


fhsorptior pectva lhe infrared absorption spectra were obtained by means of a Perkin 
é Model 21, double-beam spectrophotometer fitted with a sodium chloride prism [he 
) ) ere ¢ mined in | olutions in carbon tetrachloride or chloroform, in 0-2 1 
cell lie pectrum of each anthraquinone a iperim posed on t t of its parent compound 
the frequency shift was measured I he vectra were recorded by running the sample 
( the 1 ument 1! j tl elet f pect m ithout aise l 
elength d p 
ed to Mr. DD. A f il Mr. | B. Lucker f tance with the pre 
[rnp 1 Cher Industries Limited f ft f chemical! ind to the 
t M try of ip| fe permi ( fo pu 
bi RIMS J I ny ( EG! i 
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940 The Formation Of Osazones during Alte m pted Fischer Inmdol 
Synthe C8, 


By D. A. KINSLEY and (the lat G. P. Pi 
lreatment of deoxybenzoin nitroy henyih I ‘ th nitropheny) 
ie 1 acid solution leads to benzil di nitrophe lhydrazone [he 
cl ism of this reaction is discussed Ihe bel jour { certain other 
phe yihydrazone inder the conditiol of the kischer indole ithesi 
on estigated 
uy ittempts to prepare 7-nitro-2 ; 3-diphenylindole (1) by a Fischer synthe 
‘ om oO nitrophenylhydrazone (II Ik Ix Ph) was heated with acetic and 
hyd ric acid [he product, however, was not the indole (1) but was identified a 
benzil a itrophenylhydrazone (111) which wa ynthesised from benzil and o-nitro 


Wasi 


It seemed likely that this osazone (III) was formed by reaction between the hydrazone 


fae gd J Ph) and free o-nitrophenylhydrazine obtained from it by hydrolysis since, 
‘ nitrophenylhydrazine was added to the boiling mixture of the hydrazone (II: kx 
| 1’) ind acetic and hydrochloric acids, the yield of the osazone was increased 
d NH N 
a CPt 
f ] Ph ‘w ) HR / . Ph 
1] ! é NH-N* 
} Ph i CR’ Vi, 
N A NZ . VA 
NO, i n NH-N %0 


(1) (i) (Hh) 


Further troaniline was isolated from the mother-liquors of the reaction, I! 
ugvested that the oxidation of deoxybenzoin o-nitrophenylhydrazone to a derivative of 

benzil lved the corresponding reduction of o-nitrophenylhydrazine to o-nitroaniline, 

as or rs during the formation of the osazones of sugars.’* A probable mechanism 
wrested to the authors by Dr. M. J]. T. Robinson) is that the tautomeric form (IV) of the 

hydra e (II; R Ix Ph) is first converted into the vinylamine (V) by a rearrange 
ent v h is related to an o-semidine rearrangement ? in the same way that the first stage 

\ wmce n Carb rate (hemusts Academuc |’re t ew Y k, 1948, \ 


1956 Osazones during Attempted Fischer Indole Syntheses S15 
of the accepted mechanism of the Fischer indole synthesis *° is related to an o-benzidine 
rearrangement. Hydrolysis of the vinylamine (V) would give the desylamine (VI) from 
which benzil di-o-nitrophenylhydrazone would be obtained by reaction with o-nitropheny! 
hydrazine,® either directly or by the prior formation of benzoin by further hydrolysis In 
these later reactions, o-nitrophenylhydrazine would be reduced to o-nitroaniline, possibly 


NO NO, 
fp * in 
a. »NH « YNHY 
<i CHPh = / CPt —/ CHPh 
| T {| | 
\ 7 _CPh CPh LCPh 
NO NH-NH- HN ‘ou 
2 
(IV) (V) (VI) 


by the mechanism for osazone formation suggested by Braude and Forbes.*? Robinson 


and Robinson * have previously pointed out that o-semidine rearrangements could occur 
during indole syntheses, and Dalgliesh and Mann * have observed the inhibiting effect of an 
ortho-substituent on certain kischer indole reaction 

[he experiments described above suggested that o-nitrophenylhydrazones resistant to 
the lischer synthesis might give osazones under similar conditions. This was found to be 
the case with acenaphthenone o-nitrophenylhydrazone which was known not to undergo 
cyclisation to an indole ® and, when acenaphthenone was heated with o-nitropheny!| 
hydrazine and acetic and hydrochloric acid, acenaphthenequinone di-o-nitropheny! 
hydrazone was obtained 

Contrary to previous experience,? coumaranone o-nitrophenylhydrazone was readily 
converted into the corresponding indole 

It was found that, while indan-2-one o-nitrophenylhydrazone cyclised to 7-nitroindeno 
2’: 3’-2.: 3)indole, the o-nitrophenylhydrazones of indan-l-one and propiophenone gave 
neither the indole nor the osazone. Further chofield and Theobald © have made 
2-methyl-7-nitro-3-phenylindole from benzyl methyl ketone o-nitrophenylhydrazone 
Now, since by the Fischer synthesis the o-nitrophenylhydrazones of simple aliphatic and 
alicyclic ketones readily provide 7-nitroindoles,'' these results suggest that the indolisation 
of an o-nitrophenylhydrazone (II; R alkyl or aryl) will oceur if R’ is aliphatic, but will 
not proceed if R’ is aromatic. The example of coumaranone o-nitrophenylhydrazone 
hows, however, that this is not invariably the case 

In the reaction between 9%-phenanthrol and o-nitrophenylhydrazine in acetic and 
hydrochloric acid, both indolisation and oxidation took place, leading to the formation of a 
mixture of 7’-nitroindolo(2’ : 3’-9: 10)phenanthrene and phenanthraquinone  o-nitro 


12 


phenylhydrazone, o-nitroaniline being obtained at the same time since %phenanthrol is 
known to undergo aerial oxidation to phenanthraquinone,™ it is possible that some 


oxidation occurred in this way during this reaction with nitrophenylhydrazine 


EXPERIMENTAI 


Ber Di-o-nitrophenylhydrazone a) Deoxyvhe Y) itrophenylhvdrazone ™ (1-1 g 
itrophenylhydrazine (1-5 g.), acetic acid (20 c. i centrated hydrochloric acid (10 ¢<« 
vere refluxed together tor 1h hr and the precipitats 7 g 14 ol ben li-o nilvophenyl 
lrazone was collected and washed with acetic acid It tallised from anisole in red needles, 
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i. p. 260-—263°, not depressed by admixture with an authentic sample (see below) (Found : ¢ 
65:1; HH, 46. CygHygO,N, requires C, 65-0; H, 42% The acid filtrates from the Fischer 
ution were diluted with water (150 c.c.), rendered alkaline with sodium hydroxide (40 g.), and, 
ifter addition of sodium sulphate (10 g.), were steam-distilled until the distillate, at first yellow, 
le krom the latter (1200 c.c.) o-nitroaniline (0-4 g.), m. p. 71-73”, identified by 
oOlated with ether 
| zil (0-7 g.) and o-nitrophenylhydrazine (1 g.) were heated together at 150° for 4 hi 
‘ ied with acetic acid and crystallised first from benzene and then from anisole, 
e red needles, m. p. 261-263", of benzil di-o-nitrophenylhydrazone (Found: C, 65-0; H 
14 17-3. Cag ygO uN, requires C, 65-0; H, 4:2; N, 17-5%), identical with the above 
Phe compound, m. p. 137°, reported by Guha and De ™ as benzil di nitrophenylhydrazone 
| the mono-o-nitrophenylhydrazone, as it was formed by heating equimolecular 
yportio of benzil and o-nitrophenylhydrazine in acetu wid, but attempts to repeat the 
eparation led to crude material, m. p. 125--—-130°, which could not be purified 
lcenaphthenequinone Di-o-mitrophenylhydrazone 1) Acenaphthenone (1 g.), o-nitropheny! 
hydrazine (3 ¢ wetic acid (100 c.c.), and concentrated hydrochloric acid (20 c.c.) were refluxed 
together for 34 hr Ihe precipitate crystalli ed from anisole, giving crimson microcrystalline 
icenat nequinone di-o-nilrophenylhydrazone (0-7 g.), m. p. 207-——-300° (decomp.), raised to 
194. BOL 1y further crystallisation from anisole, and not depressed by admixture with an 
ithent imple (see below) (Found C, 63-9; H, 3-7. Cy,HyO,N, requires C, 63-7 H, 
ia) 
hithenequinone ' (0-9 g.) and o-nitrophenylhydrazine (1-5 g.) were heated together 
vw 50 m 140 Ihe solid crystallised from anisole as crimson, microcrystalline needles 
OU m, p, 209--301° (decomp.), of acenaphthenequinone di-o-nitrophenylhydrazone 
f } umarono(3’ : 2°-2 : 3)indol Coumaranone o-nitrophenylhydrazone*® (1 Wa 
etluxe th acetic acid (9 c. and concentrated hydrochloric acid (5 c.c.) for 40 mu The 
OD vas collected and crystallised from acetic acid, giv the indole as red needle 
14 51° (hound: C, 67-0; H, 3-3. Cy,H,sO,N, requires ©, 66-7 ; H, 3-2 
Dphenvyihydvazone Indan-2-one 0-6 g.) and o-nitrophenylhydrazi e (0-7 Zz.) were 
eated together for 15 min, at 120 Crystallisation from benzene gave indan-2-one o-nilr 
phe yazov (7 g.) as orange needles, m. p. 173-—-176°, which became brown in air (lfound 
C, 67:1 1,48. ©,,H,,0,N, requires C, 67-4; H, 49% Prepared in a similar way, tndan-1 
j nitrop) hydvazor eparated from benzene in red needle n. p. 212—214° (Found: ¢ 
“7+ Hi ro 
] ndey 2 3-2: S)indol \fter indan-2-one o-nitrophenylhydrazone (0-6 g.), aceti 
id (10 ©. id concentrated hydrochloric acid (6 c.c.) had been refluxed together fo1 14 hr., 
2 vhich crystallised was purified by passing it, in benzene, through a short 
mn of mina Ihe product, obtained by evaporatior eparated first from anisole and 
he from | ne, giving the indole as red needle m. p 237 bound C, 71-5; H, 4-0. 
C,H ,,O,N, requires C, 72-0; H, 40 
j nd J 3°-0 10) p/ nanthrves 9-Phenanthrol ! 7 4 nitrophenylhydr Lzine 
15 etic acid (130 ¢ ind concentrated hydrochloric acid (100 c. were boiled together 
f shir The precipitate was separated from the id filtrates, washed with hot 
f Lhis crude mixture (8-5 g m, p. 205-213 is crystallised twice from 
tit of ethyl acetate ind then from pyridine to give phenanthraquinone nitro 
hye e (lsd g , ed needle m. p. 247—-249°, identical (mixed m. p.) with an 
it t miple ee beloy The mother-liquors from these crystallisations were evaporated 
" 1-75 g.) of the residue, dissolved in benzene (1 | is passed through alumina 
1) lution with benzene caused separation into an upper r ind and a lower orange 
The latter w removed with benzene (61.), 7’-n 2’: 3°-0: 10)phenanthrene (0-9 g.), 
ii 257°, being obtained by « poration It 1 from pyridine in orange needle 
58 —260° (Found: C, 77-1; H, 3-9; N, 8&7. C,.H,,O,N, requires C, 76-9; H, 3-8; N 
wo lution of the remaining red band with ethanol-benzene provided impure phenanthra 
t henylhydr U 
t e (08 m. p. 69-—72°) was isolated from the acid filtrates in the manner 
I’ he thraquinone o-nitrophenylhydrazone “ was prepared by treating phenanthraquinone 
. ( ‘ De, /. Indian Chem. S 1926, 3, 41 


nth., 1944, 24, 1 


er, Jacobsen, and Price, /. Amer. Chem. S 1936, §8, 2163 
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(0-4 g.) in boiling acetic acid (10 c.c.) with o-nitroph« lhydrazine (0-3 g rhe product (0-5 g.) 
separated immediately and crystallised from pyridine in red needles, m. p. 246—249° (Found 
" 


C, 69-8; H, 40; N, 12-3. Calc, for C,,H,,0,N,: C, 70-0; H, 3-8; N, 12:3% 
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941. Steroids and Walden Inversion. Part XXXIV.*  Solvolysis 
of Cholesteryl Toluene-p-sulphonate with Thiophenoxide Tons. 


, 


By C. W. SHoprpee, H. C. Ricuarps, and G. H. R. SuMMERS 


Cholesteryl toluene-p-sulphonate, on treatment with sodium thiophen 
oxide in boiling ethanol under nitrogen, atfords 3: 5-cyclocholest-6-ene (8°), 
66-phenylthio-3 : 5-cyclocholestane (32%), and %3a-phenylthiocholest-5-ene 
(13%), but 36 phenylthiocholest 5-ene could not be detected The structures 
of the last three compounds were proved by unambiguous partial syntheses 

I'he reaction mechanisms responsible for the formation of the above 
products are discussed. The experimental observations provide further 
evidence of the high nucleophilic power of the thiophenoxide ion, and of the 
abnormally great reactivity of this ion in processes involving attack on 
covalently bound hydrogen 


In Part XXIII! of this series it was established that replacement reactions at Cy,) in 
36-substituted A®-steroids under appropriate conditions can lead to 3a-substituted A® 


steroids. It was also suggested that the important factors influencing the course of the 
reaction are the reactivity of the nucleophil and the dielectric constant of the medium 
Thus repla ement reactions with weakly nu leophilic reagents,” é.g., ethoxide, methoxide, 
and acetate ions, proceed by a unimolecular heterolysis (Syl) leading to retention of 


configuration, a result dependent on the intervention of the -electrons of the 5 : 6-double 
bond in the intermediate transition state. However, with more powerful nucleophils, 
é.g. ammonia, benzylamine, this reaction pattern is accompanied by a_ bimolecular 
substitution (Sy2) with inversion of configuration at C,,, in which the x-electrons of the 
5 : 6-double bond do not participate. In order to obtain further information concerning the 
effect of nucleophilic reactivity on the reaction path, the reaction of cholesteryl toluene-p 
sulphonate with the thiophenoxide ion has been studied 

rhe selection of this reagent followed from its very great reactivity demonstrated in 
replacement reactions at carbon atoms in both aliphatic and aromatic systems. de la Mare 
and Vernon * have shown that in the reaction of thiophenoxide ion with 3: 3-dichloroprop 
l-ene bimolecular displacement (Sy2 and Sy 2!) proceeds 240 times faster than in the 
corresponding reaction with ethoxide ion. Quayle and Koyals,* by comparing the 
reactivities of phenoxide ion and thiophenoxide ion with n-butyl bromide, have provided 
evidence that the latter nucleophil is about 1000 times the more powerful. lurthermore, 
Bunnet and Davis ® have found that the reaction of thiophenoxide ion with I-chloro-2 : 4 
dinitrobenzene was immeasurably fast at 0° and that the reactivity of the thiophenoxide ion 
was 580 times greater than that of methoxide ion under identical conditions; they have 
established the following comparative scale of nucleophilic activity thiophen 
oxide ion > piperidine > methoxide > phenoxide » hydroxide. In comparison with its 
extreme nue leophilic power, the thiophenoxide ion has only a small tendency to attack a 
proton and is therefore unlikely to cause prototropic changes or elimination reactions. 


* Part XXXIII, /., 1956, 2492 
wee, Pierce, Richards, Stephenson, and mime / OF 
pee and Westcott, /., 1955, 1891 
i Mare and V ernon, J . 1952, 3331 
* Quayle and Royals, /. Amer, Chem. So 1942, 64, 22¢ 
junnet and Davis, thid., 1954, 76, 3011 


| 


Shoppee Richards, and Summe 


vith 3$-substituted A*-steroid 


it is reasonable to expect that in its reaction 
ubstitution, giving 


vent! 
will be very largely superseded by bimolecular 


cular heterolysi 
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boiling propane-1-thiol ® or with ethanethiol in acetone or dioxan.’? Treatment 
phenol at 50° yielded a compound tentatively regarded as 3: 5-diphenylthi 
186°, although the specific rotation, | 27°, appears to exclude thi 


In p ) 
treatment of 3%4-chlorocholest-5-en-7-one in acetu 


lation On the other hand 
vith ethanethiol gave 36-ethylthiocholest-5-en-7-one in excellent yield.* 


directly by replacement of the chlorine atom by 
normally inversion occurs, ¢.g., in the acetolysis of 38-chlorocholest-5 
t-addition of ethanethiol to the intermediate 
Ralls, Dodson 


drochloric acid 
improbable that this product result 


er iptal nce 
’ it most probably arises by | 
dehydrohalogenation (cf 


3: 5-dien-7-one produced by 
tended treatment of cholesteryl toluene-p-sulphonate (I) with sodium thiophenoxide 
ling ethanol under nitrogen gave a complex mixture, which by repeated chrom 
Na eparated into 3 we yclo« hole t-6 ene 10 It p rp ‘ Ly 3 (II) te 


(V9 


iVithio-3 : 6-cyclocholestane 1 ‘ Sa phenylthiochol {-; 
m, p. 102° and 114°, |a!,, 43° (IV) (13%), 36 xycholest-5-ene (V) (3°5°% 
| disulphide, m. p. 61° (135%) No detectable amount of 38-phenylthiochol 
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fractions T1, 3a-phenylthiocholest-5-ene, double m. p, 99° and 110° (300 mg ), and T2 
cholest-5-ene, m. p. and mixed m. p. 83—-84° (250 mg 
ivvrangement of 66-Phenylthio-3 : 5-cyclocholesta» t 34-Phenylthiocholest-5-ene 64 
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942. Steroids and Walden Inversion. Part XXXV. 
NN-Dimethylcholest-7-en-32- and -38-ylamine. 


By D. E. Evans and G. H. R UMMER 


Solvolysis of cholest-7-en-3a- and -34-yl tolue »-sulphonate by base 
has been shown to proceed with inversion o tion b 1 bimolecular 
mechanism The preparation and deamina ! pimeric cholest-7-enyl 
s-amines are described The NN-dimethylcho! en-36 umine of Bertho 


ind Baumgart ' has been shown to be the 3a-« 


SOLVOLYsIS of the 3-toluene-f-sulphonates of A/B-trans- and A/B-cis-steroids by bases (e.¢., 
NH,,23 NHMe,,* 5C.H 4 H,*NH, 6) proceeds by a bimolecular substitution with inversion 
of configuration, accompanied by some elimination Phus cholestan-34-yl and coprostan 
3a-yl toluene-p-sulphonate on treatment with dimethylamine furnish NN-dimethyl 
cholestan-3a-ylamine * and NN-dimethylcoprostan-38-ylamine ® respectively, By con 
trast, replacement reactions at C;,) in 3@-substituted A®*-steroids with bases (e.g., NHg, 
NH,Me, NHMe, C,H,-CH,yNH,) 7 involve both a unimolecular heterolysis leading to 
retention of configuration at Cy), and a bimolecular substitution giving 3a-substituted 
steroid amines. ‘Thus cholest-5-en-36-yl toluene-p-sulphonate on treatment with dimethyl 
amine yielded NN-dimethylcholest-5-en-38-ylamine and N N-dimethyl-3 : 5-ceyclocholestan 
638-ylamine by the former mechanism, and NN-dimethylcholest-5-en-3a-ylamine by the 
latter mechanism.4.*7 In 1953 Bertho and Baumgart ! repeated this reaction and isolated 
only the first product. By analogy, and possibly because of unfamiliarity with the Sy2 
orientation rule,® Bertho and Baumgart ! describe the product (m. p. 103-—104", [a|,, 417°) 
of the reaction of cholest-7-en-36-yl toluene-f-sulphonate with dimethylamine (obtained 
in 72°, yield) as NN-dimethylcholest-7-en-36-ylamine Although few solvolyses of 
3-substituted A7-steroids have been studied, it would not be expected that the x-electron 
of the 7: 8-double bond would influence replacement reactions at the distant reaction 
centre C;,, and cause retention of configuration. It was to examine the possibility of such 
interaction that the configuration of the supposed N NV-dimethylcholest-7-en-36-ylamine 
was investigated 

When 7-oxocholestan-3$-yl acetate (1) was subjected to the Bamford-—Stevens reaction, 
the product gave, after hydrolysis and chromatography, cholest-7-en-3a-ol (III), m. p. 176°, 
tly of (cf. Buser 4°), and cholest-7-en-33-ol (Il), m. p. 1 9° (ef 


7] 


25—127°, [a], 


V, preceding paper 
Bertho and Baumgart, Annalen, 1953, 581. 140 
Haworth, Lunts, and McKenna, /., 1955, 986 
hoppee, Evans, Richards, and mmers , 1956, 1649 
* Haworth, McKenna, and Powell, /., 1953 
Sorm, Labler, and Czerny, Chem Lusty, 
wee, Kichards, Sly, and Summers, /., 
hards, Shoppee, Stephenson, and 
tructure and Mechanism in Orgar y yeorge Bell and Sons, London, 1953, 


land Stevens, /., 1952, 4735 


1822 vans and Summers 


Wintersteiner and Moore,"! and Fieser !). Cholest-7-en-3a-ol (III) evidently results by 
epimerisation of the more thermodynamicall table epimeride (II ilthough the yield 


(31 rprisingly high for such an equilibration (cf. Windaus and Uibrig ™), Both 
alco | idation with chromium trioxide in pyridine furni hed cholest-7-en-3-one 
(J \ vhich was converted into its oxime (\ Reduction of the dime with lithium 


} > 
a a0) ? A / 
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(4 HO 4 J 4 
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y’ . 4 v 
J , 7 eo 
} Y | y il { Y f 4 y 
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, O.-} Oo O 
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— | | > 
} | d ) | , yf , 
Me WN HN ° ’ " J | F 
| H, i H.N : Me,N i 
i 1X) ‘ (XI 
l p C,H,Me so, 
aluminium hydride gave, after chromatography, cholest-7-en-3a- (1X), [a], 20°, and 


' 
3@-ylamine (X), [a!, 48°, the latter being identical with the base obtained by reduction of 


the oxime (V) with sodium and butanol. Ammonolysis of cholest-7-en-36-yl toluene-p- 
sulphonate (IV) also gave the amine (IX) accompank d by cholesta-2 : 7-diene (XII) 


an 


a | , ii - 
if i] if Y 
= | | | 4 | |] (* - 
} J J y P 4, 
HO ie HO : e 
H H H 
(iii XII (11) 


Although the configurations assigned to the bases (IX) and (X) follow from theu 
method of preparation, confirmation was obtained by studying their reaction with nitrou 
acid. in a later paper ™ it will be established that, in the steroid series, equatorial 
amine are deaminated with retention of configuration whilst axial amine react with 
retention of configuration accompanied by elimination. Cholest-7-en-36-ylamine (X) by 
treatment with nitrous acid gave exclusively cholest-7-en-36-ol (11), whilst cholest-7-en- 
3a-ylamine (IX) afforded cholest-7-en-3a-ol (111) and cholesta-2 : 7-diene (XII) Methyl 
ition of the 6-amine (X) with formaldehyde-—formic acid gave NN-dimethylcholest-7-en 
$6-ylamine (XI), also obtained by treatment of cholest-7-en-3a-yl toluene-p-sulphonate 
(IX) with dimethylamine Methylation of the «amine (IX) yielded NN-dimethylcholest 


l~ boy mine (VIII identical with the ‘ NN-dimethylcholest-7-en-38-ylamin« 
deseribed by Bertho and Baumgart.! Consequently, the isomeric base, m. p. 78°, {2 
“°, obtained by these workers from NN-dimethylcholest-7-en-3«-ylamine (VIII) by 


treatment with platinum in acetic acid in hydrogen is NN-dimethylcholest-8(14)-en-32 
lamine and not the 36-1somer 


Helv, Chim. Acta, 1947, 30, 1385 

t er re, |. Amer, Chem 1043, 66, 1503 
| nid The /., 1963, 76, 121 
\ { Hier, 1914, 47, 2384:> 1915, 48, 857 
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of 3@-substituted A?-steroids thi et vith inversion of conhgura 


a bimolecular substitution and, by contrast th the solvolysis of A®-unsaturates 
teroids, the electrons of the 7 : 8-double bond do t rticipate in the reaction burthet 


evias eC I pl ided by the acetolysis of cholest-: 3 | toluene } ilphonate (LV 
which gave (after alkaline hydrolysi ) chol ta-2 : 7-diene (XIJI) and cholest 7-en-3a-ol (111 
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ert ‘ ene pel tane ] 1) vave a ol PS5 hhc ec! i tion from 

etone furnished cholest-7-en-3-one, m, p. 148", |a y 4 ] 

Cholest-7-en-3-09 Oxim Cholest-7-en-3-one 1-0 oximated 1 ethanol with 
hydroxylamine acetate Che product was cr} tall from eth wetate, to give cholest-7-en 
, é oxime, Mm. J] 228 (decomp » [alp 24-6 O-4 | i ifter dt ng at 100° /0-03 mm, for 
3 hi C. 81-1: H, 11-05. C,,Hy,ON requires C, 81-1; H, Ils 

Cholest-7-en-3% lamine Cholest-7-en-d3-one © 0 1 rel i Vat l-o} 
treat t m (3 ¢g ind heating was « { ; [he « ‘ f dl 
dest f vith ethanol; the product 1 olated in t 1 (2501 
‘ r t hed on aluminium oxide 10 elutu ith ethe enz 
1: I), et chloroform vielded cholest-7 ; i 165° /0-035 1 
f a 09 Acetylation ith acetic an! f t 35 hi 
' t { ! wet ‘ afforded 3%-a 1 | t ANy4 iA 

7 ; 0-77) {Found (after dr t 100° /0-038 { 3 C813; H, 116 

Hy, j C, 814; H, 115 

( 1-7 $4- and -3%-ylamir Cholest-7-en-3 } O40 4 treated with 
it im m hydride (800 mg.) in reflux) t a e oily product (870 0 

nium oxide (27 | t ether-benzene (1:1) and ethe 
iff 327 1 vhich on distillati t THO 185 (0-05 furnished cholest 7-en-d¢ 
J 20-5 0-4 Acetylation it t ethe it 15 i $x 4 
7-9 ecdle from acetone), m. p. 202 4 tin 25-4 0-68) (Found (alts 
t 100° /0-03 mm. ! 1O hr C, 81-0; H, 11-2 t thel form —ethe cen 
oil (35L m hi 160.-170°/0-05 1 t 
t-7-4 ; f 1 - O09 Acet f t Iride ether at 15 
e3 et ‘ lest-7-« ! nd m0 ai | 

Cc) 7 a mir Cholest-7-en-36-y] t f ite {1 104 700 m 

heated at Wb vit! qu l ammonia in an auto ‘ | t a OF , chro 
t f Oo | nium oxide (18 ¢g belut it ntane ‘ ere ee ve ar l 
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(60 mg.) which by crystallisation from acetone afforded cholesta-2 : 7-diene, m. p. 72—~74° 
Elution with ether and chloroform gave an oil which on distillation at 180—-185°/0-03 mm 
furnished cholest-7-en-3a-ylamine, {a}, 20° (c 1-1). Acetylation with acetic anhydride in 


ether at 15° gave 3a-acetamidocholest-7-ene, m, p. 202-204”. 


Deamination of Cholest-7-en-36-ylamine.—-Cholest-7-en-38-ylamine (200 mg.) in 50% acetx 


4) ¢.c.) was treated overnight with a solution of sodium nitrite (400 mg.) in 50% acetic ! 

Wor lhe oily product was hydrolysed with methanolic 5 wytassium hydroxide solutio 
100 c.c.), and the product (187 mg.) chromatographed on aluminium oxide (6g.). Elution with 
benzene gave a solid (130 mg.) which by recrystallisation from ethanol furnished cholest-7-en 
34-ol, m. p. and mixed m. p, 125—-126°. Elution with ether gave an oil (40 mg.) which on 


acetylation and crystallisation from acetone yielded 343-acetamidocholest-7-ene, m. p. 252—254 
y y ' J 


lex np 
Deamination of Cholest-7-en-3a-ylamine Cholest-7-en-3a-ylamine (120 mg.) in 50% acetic 
| (20 c.c.) was treated overnight with sodium nitrite (240 mg.) in 50% acetic acid (20 cx 
[he solution was worked up in the usual manner and hydrolysed with methanolic 5% potassium 
hydroxide solution (20 c.c.), to furnish an oil (100 mg.) lich was chromatographed on 
iluminium oxide (3 g.) Elution with pentane afforded an oil (35 mg.) which by crystallisation 
from methanol gave cholesta-2 ; 7-diene, m. p. 70-72”, [a], 4° (c 0-9) Elution with benzene 
entane (1:1) gave a solid (30 mg.) which by recrystallisation from acetone furnished cholest-7 
en-3a-ol, m, p, and mixed m, p. 172--174 Elution with ether and chloroform gave an oil 
25 mg.) wht h by acetylation furnished 3a-acetamidocholest-7-ene, m p 202 —-204 
Cholest-7-en-3a-yl_ Toluene-p-sulphonate Cholest-7-en-3a-ol (300 mg.) in dry pyridine 
10 eu was treated with toluene-p-sulphonyl chloride (300 mg.) and left at 20° for 60 hr 
Che olid product, crystallised from methanol-acetone, gave cholest-7-en-3a-yl toluene-p 
ilphonate as needles, m. p, 136°, {a}, 17-3° (¢ 1-0) [Found (after drying at 100°/0-03 mm. for 
10 tir C, 75-6; H, 9-9 ( sgh gO, requlre C, 75-5; H, 9-7‘ 
Dimethylcholest-7-en-3a-ylamine (a) Cholest-7-en-33-yl toluene p ulphonate 500 meg 
treated with an ethanolic solution of dimethylamine (14 c.« 33% w/w) in a sealed tube at 
110-115° for 5 hi rhe product, worked up via an ether-insoluble hydrochloride, gave the base 
300 mg.) which by crystallisation from methanol afforded NN-dimethylcholest-7-en-3a-ylamine 
late m. p 103 104°, [a p 20” (c¢ 1-0) 


Cholest-7-en-3a-ylamine (90 mg.) was treated with 90% formic acid (1-9 c.c.) and 40% 
fori det le (1-5 c.c.) at 100° for 3 hr Isolation of the base via its hydrochloride afforded an 


i n crystallisation from methanol gave NN-dimethylcholest-7-en-3a-ylamine, m. p 
nds ed m, p. 102-—-104° 


Dimethylcholest-7-en-38-ylamin (a) Cholest-7-en-3a-yl toluene t sulphonate 173 mg 
t ! th ethanolic 30°% (w/w) dimethylamine (10 c. in a sealed tube at 110—115 
for 5) The oily product (90 mg.) was chromatographed on aluminium oxide (3 g.) Elution 
vith pentane furnished an oil (30 mg.) which by crystallisation from acetone gave cholesta-2 : 7 
diene, m. p. 73-—74 Elution with benzene—pentane (1: 1) and benzene furnished an oil (45 mg.) 
which by erystallisation from acetone afforded NN-dimethylcholest-7-en-33-ylamine, m. p. 112 
113 4 12° (¢ 0-92) (Found (after drying at 80°/0-03 mm. for 3 hr.): C, 842; H, 12-4 
C,,H,,N requires C, 84:7; H, 12.4% 
Methylation of cholest-7-en-34-ylamine with formaldehyde and formic acid also gave 
limeth ylcholest-7-en-36-ylamine, m. p. 110-112 
leet f Cholest-7-en-33-yl Toluene-p-sulphonat rhis toluene-p-sulphonate (645 mg 
cial acetic acid (15 c.c.) containing anhydrous sodium acetate (5 g.) was heated at 100° for 
$ | lhe product, isolated in the usual way, was hydrolysed with lithium aluminium hydride 


ether for 0-5 hr. and worked up, to give a semi-solid material (430 mg.) which was chron 
9 


tographed on aluminium oxide (12 g Elution with pentane gave cholesta-2 : 7-diene, m. | 
70.72 100 mg.), and elution with chloroform ive cholest-7-en-32-ol, m. p. 170—-175 
34) 
One of us (D. E, EF.) acknowledges the financial support of Monsanto Chemicals Ltd.; we 
thank Glaxo Laboratories Ltd. for performing high-pressure ammonolyses and for a gift of 
cholesterol We are grateful for the interest and advice of Professor C. W. Shoppee, F.R.S 
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943. Urinary Steroids and Related Compounds. Part 1. 
11-Substituted Derivatives of Androsterone. 


By W. KiyNe and SHEILA RIDLEY 


Partial ntheses of 11$-hydroxyandrosterone ba 118-dihydroxy-5a 
lrostan-17-one and 1l-oxoandrosterone 3a-hydroxy-5a-androstane 
11 : 17-dione) are described 


{HE compounds commonly described in biochemical literature as 11-hydroxyandrosterone 
(VI) and 11l-keto(or oxo)androsterone (V) are minor but common constituents of human 
urine. The 11-hydroxy-compound was first isolated by Mason ! and the 1l-oxo-compound 
by Lieberman, Fukushima, and Dobriner.* (For further references to the presence of thes 
compounds in urine, see ref. 3.) No partial synthesis of these two urinary steroids has 
hitherto been described in the literature (except for the oxidation of the 1l-hydroxy- to the 
11-oxo-compound) ; syntheses from a member of the 5a-pregnane series are now reported 


CH,"OR CH,-OH 


4 my , 
HO ow“ ;: “ HO va HO < 


ae = HO 


| 
uf l 
a Fal ’ 
H | H (Vill) 

36: 17a: 21-Irihydroxy-5a-pregnane-11 : 20-dione (I Ik H) on oxidation with 
odium bismuthate in glacial acetic acid * gave 36-hydroxy-5a-androstane-I1 : 17-dione 5 
(IV) in 68° vield Che toluene-p-sulphonate of this, on solvolysis with sodium acetate in 
acetic acid, followed by alkaline hydrolysis,® vielded inversion at Cy, the desired 


3a-isomer (V) (25°) and by elimination the related 2-ene (VII) (49°) 


} 


1 Mason, J. Biol. Chem., 1945, 168, 719; Masor 1, 1945, 161, 235 


Licbermann, Fukushima, and Dobriner, sbid., 1050, 182, 209 
Dortman and pley, Androgens,” John Wile ! ew York, 195 
‘ Bi ind Noryr iberski, Biochem Brg 1953, 65, 371 


teiger and Keichstein, Helv. Chim, Acta, 1937, 20, 817 
Plattner and Furst, tiid., 1943, 26, 2266; Iriarte, Kosenkrantz, and ndheimer, {/. Org. Chem, 


{KG Klyne and Ridley 


of the toluene-p-sulphonat of 33: 116-dihydroxy-5a-androstan-17 
ii] ed from the 11 : 20-dione (1; R Ac) by reduction with lithium aluminiu 
dation with bismuthate) similarly yielded the 3a : 11¢-dihydroxy-17-keton 
VI inied by the 2-ene (VIII) 
of the partially synthetic I1l-hydroxy- and ll-oxo-androsterone were kindly 
Dr. A. E. Kellie (Courtauld Institute of Biochemistry, Middlesex Hospital 
ool London) with amples 1 olated from urine, on the basis of the Ry valu 


the free 17-oxo-steroids and their Zimmermann complexes when run on paper cl 
if ’ the Bush B, system.’ By these criteria, the corresponding compounds wer 


pectra in carbon disulphide were also made. In the 


f{ 116-hydroxvandrosterone (run as the acetate) the record vere identical Lh 


tical. Comparisons of infrared 


1] indrosterone samples gave identical spectra in the carbonyl region; comparison 
| f J 


ons confirmed the opinion that the material isolated from urine was Impur: 


|. XPERIMENTAI 


4 | ere eteri ed on hot stage ‘ ¢ en 
et Like cl yotor ept ted othe 
| tulbn » } nip 1s “aa \ 1 
{ | ‘ ( 
if t i phe Moot 
| { ‘ term il 1 in I 4 i ( 
{ \4 
pe 1) 1), Mi Vi 
i ip i t! ial I 1m} ( rl I t 4 
id, wat turated sodium hydrogen carbonat th 
euti 
a ( { t ri ) { Ho sv) 


eto | I thium ! i" { ar tetrah 
) ) { ler refi further tetrahydrofu 0) d ind ‘ 
| 4 I | t {1 destroyed ‘ mixture acidifie 1 
l i \f{ter removal « oivent by ¢ m, and { the prod 
tinuou ‘ tr t ; t te Irvne 
hich on er tallizat from h t t ] elded the penta 
an at. tip 16 OS5in bktOH), | Mh, oY Keichstein ” give m. p. 221 tae 
16 tOH, and ine i m. p. 20] 205 ini ect m 
75 and 1020, 1049 cn (oli 
i} / fox ; in-17 " Li] 21-A lia il ) a- pre me 
i] | | \ , 1 ( { tn thi ] f > c 
ide yx $7 t m of tl ture of 20 
af TT | l | ‘ le 
1 ti i 1 | iake 1-5 \ 7 m metal , 4 
) nd « ‘ | conti ) Liter the dit 
ro e (1 t t j t et t ind t ‘ 
ith 3 t eld 
OA } i fron cet te trie ( 1-65 | 228 
ther! rial obtain | crystall tw ‘ t from the t 
t nple ! | m0 34 1 234 P35 , S1 Ose VJ 40 
lin ktOohH Mj, sH4” {rey te 254 5 ar x4 in bLtOH 
trum i Nujo 305, 3349 (OH 1042 jatorial OF d 1720 ( 
' | 


4 +} i ‘ 1 1045 Looad cm , t ; LOU re 


j 
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Ll6-H VOR s3 tene-p ulph nylory -ba-anad i Ly \ tio of 3%: 11%3-dih 
vo in-17-one (1-76 g.) and freshly cryst tol ilphonyl chloride (1-7 g.) in dry 
tie S ¢ Kept at room temperature of reagent was Gecompunst 
it ed ter, a the steroid worked up t ethe I in the usual manner; dry 
id ¢ ition of the solvent yielded a gum (2-00 lrituration with ether atlorded 11 
ly 34-toluene-p-sulphonyloxy-5a-andvrostan-17 1-41 m. p, 149-153", and a 
er i crop (460 m m. p. 147-145 The a t 1 adm. p., 150-5—153 i'n 
1 1-64 Vip 193° (Found: C, 67-95; H, 7-9 Cogligg | es C, 67-8: H, 7-90 
114-HLlyds oa-ands t-2-en-17-one Vill \ t the I j este 1-72 ind 
xlium acetate (1-72 g.) in acet s4 t er ref for 2] then 
kept at room temperature for 24 hr After rem Li 1 t ! nm vacu isolation i 
ether—chloroform yielded a gum, which w ! hot 5 met lic pot n 
hyd id The product was worked up in the u t er in ether-—cl 1, ancl ¢ 
tion to dryne yielded a partially crystalline 1-06 mate ed in 
‘ ene on alumi 30 g Elution with benzene a r ene-—ether (50: 1 1: | ielded 
, 11% ; ha-androst-2-en-17-one 580 mye.) crysta y from acet pentane i eed le 
" | 124 133 lurther recrystallizations f ‘ 1 | 132-5 134 tip 118 
O-ds1 M hp 342° (Found: C, 704; H, 10-0. | Fae eq 19-1; H, OS In 
é pectrum 1 Nujol) , $440 (O11 1714 L653, 774 2-ene bhiu 
i yell colour with tetra ie 
a 1] I} ; m- andy fun-17 ’ | ! t | chrom 
togram with | ene—ether (5; 1 tol: 1) yielded t L1G 17 10 rystalliziy 
{ ! ; oot | ht peti jleum a prism 1u ne | oo ] "40 
1 fa 99° (c 0-8 in EtOH), (M), + 309° {M 199 200 on 
ite | inf ( vectrum 1 Wu 40 s44 OOo (tt 
1728 CA Dobriner, Katzenellenboge | lt 
K, ; 17 ‘1-lrihydroa a-pregnan 11 -d I ti (ore t ivadrochl 
10-5 ( iddead ith cooling, to 1 ce ) 17 I ‘ a 
re 11 4)-cdione (1 | AK ) in « 0) t ( 175 ee ind 
te 2 CA id the n ture kept at room 1 ‘ ts hi i | ill} 
titer the lithe ot iter 600 c.c.) the t i for 24 Ih f 
‘ t precipitate was filtered off, washed with m, and dr to © the 
j triol-dione (3-62 w.), crystallizing from acet 1-05 i », 237-244 
( Ly tly 70 l-t in kKtOH ind a second O-Us i p. 231-237" (decomy, 
Ike tein 10 t m. p 38 242”, Liy oo” 1 btOH be the cnl form ext ti 
e filt t elded um (0-86 g crystallizi t I I maternal (310 n m. | cae 
4-Hly yn-ands 1? 1] 17-dto#v | f 1) de ; 
‘ { he foregoing triol-cione 1-05 j ah a 0 r cl the 
( t l t mul manner to that ii ] ’ i hhydro ”” tan 
17 ive U Lpor tion to dryne ol é ‘ t t t! 
ne (1:34 g.), crystallizing from acetone-ethe entan prismatic ne m. | 
16s 171 20 me , then needle nm, p 164 167 1) t 166-5 Lis (hiro. 
t f the mother-lquor 330 1 10 i ene nd elutio t! 
" ene-—etnel 40 1 to | 1) yhelded a co p20) tallizit mm etom 
' ethe pe ‘ needle 200 ms m, p. 167 16s 124 1-47 Wi), 377 Infrares 
ectrum Jujol) : vp... 3465, 1044 (equatorial O 1695, 1732 em. (Ci 
3f3- J uphor pa-androstane-1ll >: 17 : t { the f hyd 
e (1-23 1 e (4-5¢ tre tu t ‘ | tallize 
é e (1-23 ki ) i tl ial eo 
I-56 ryst f et é mm and i 
4 eas t 1-66 160-165 t I 
materi Al " 162 154 iad im, | 


| C, 67-8 Ht, 7-6 C,,f,,0 req es (, ¢ ] 745 
a-Androst-2-ene-11 7-dione (VII : 1-71 to the 
! este 1-71 1 et i) refi r2hi 
) } enellenbogen, and | i i Athi 


( . Nie ‘ . 
! } ‘ Te 


‘ ‘ Ww 7 
18 Mattox and Kendall, /. Biol. Chem., 1961, 188, 28 
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then kept at room temperature overnight Kemoval of the acetic acid im vacuo, and working up 


the product via ether-chloroform, yielded a colourless solid (1-04 this was hydrolyzed with 
/%, methanolic potassium hydroxide (60 c.c.), Working up the product in the usual manner 

f scummy solid (960 mg.), which was chromatographed in benzene on alumina (30 g.) 
with benzene gave crude 6a-andvost-2-ene-11 : 17-dione (605 mg.) 


crystallizing from 
e as plates (496 mg.), m, p. 1480-—1!87 a second crystallization gave material (421 mg 


187-193", [apy + 202° (c 2-88), [M), 4-581°. The analytical sample had m. p. 192-196 
79-26; H, 915. CysH,,O, requires C, 79-7; H, 915%) 
’m.x, 1699, 1734 (CO) and 1653, 773 cm." (2-en¢ Thi 

i tetranitromethane, 


ba-llydvoxy-6a-androstane-11 : 17-dione (V) 


Infrared spectrum (in 


; compound gave a weak colour 


Elution of the foregoing alumina column with 
zene-ether (1:1; 1:3) gave the hydroxy-dione (357 mg.), crystallizing from acetone 
her pentane as small laths (185 mg.), m. p, 160—I151°, [a)p 124° (c 0-95), [M], +-377°, and 
ther material (90 mg.), m. p. 148--151°. Liebermann e/ al.* give m. p. 153-——155°, 
ired spectrum (in Nujol) Yen 3455, 999 (axial OH), 1699, 1720 em, (CO) (cf 
tzenellenbogen and Jones,!! compound 195; these author 
ple was doubtful) 


Lip 127 
Dobrine! 
3 comment that the purity of thei 


indebted to Messt Glaxo Laboratori L.td., Greenford, Middlesex 
acetoxy-3% 17«-dihydroxy-ba pregnane 1] Zu dione, ilso to It 
under whose direction the infrared spectra were determined 
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944. Adsorplion from Binary Liquid Mixtures on Activated 
Alumina. 


sy J. J. KrpriinGc and D. B. PraKa.i 


Data for physical adsorption from binary mixtures of completely miscible 
liquids by different types of alumina are analysed to give the isotherms for 
the individual component for a group of relatively non-polar organi 
liquids these can most reasonably be interpreted in terms of 
adsorption. Krom mixtures of benzene and an aliphatic 
the alcohol is slowly chemisorbed at 20° by the surface 
an “alkylated "’ surface 


unimolecular 
alcohol, however, 
oxide groups to give 
Subsequent physical adsorption on this surface 
can be analysed and interpreted in the same way as that of the non-pola 
ubstances on the original surface of the alumina 


LHEORII 


arbor 


of physical adsorption from solution have been developed largely with referenc 
1 adsorbents, which have also been widely used in the practical applications of 


this type of adsorption, The growing importance of activated alumina, especially in 


chromatographic techniques, suggested that the application of current theories of adsorption 
to such oxide adsorbents should be considered 


' has suggested on theoretical grounds that selective adsorption in this type of 


m is unimolecular, t.¢., that the adsorbed layer at the 
a different composition from that of the bulk liquid phas 
I} COoOnce pt can be expres ed in the equation 


olid-liquid interface, which 
is only one molecule thick 


n*,/(1ty)m n*»/(My)m ee ls ow 2 
wher , and m", are the numbers of moles of components l and 2 


2 nd 2, respec tively, adsorbed 
per f solid, and (4) and (#,)m are the monolayer values obtained for their separate 


vapour isotherms. The equation is valid only if the same area of surface is available to 
both components 


I:quation (1) has been confirmed experimentally for a carbon adsorbent by comparing 


belt VOL, 2505 
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the adsorption isotherms which it gives for the individual components with those obtains 
from the corresponding saturated vapours.** We have now used it for analysing dat 
obtained with alumina as the adsorbent, with a view to comparing the individual isotherm 
ition ) alumina with those for adsorption on carbon. In particular, thes: 
" be expected to throw further light on the opposite affinities shown by 
lsorbents as compared with charcoal hus Bartell and his collaborators have 
it silica gel adsorbs ethyl alcohol preferentially from mixtures with benzene,‘ 
charcoals adsorb benzene preferentially {1 » mixtures.” This follows from 
of the isotherms of concentration chan and, for adsorption by charcoal, even 
rly from the individual adsorption isothes In attempting to obtain the 
ing individual isotherms for adsorption on alumina, we discovered that adsorp 

re complex for this system than had previously been recognised 
We may point out that the term “ alumina ”’ is u wosely cover a range of materials 
sition between Al,O, and Al,O,,3H,0O ur u this range of materials is 
nt not only for its possible practical implic: ! 3s, but < » becau e there are pha eS 
| ned mposition which can be recognised crystallographieally Most of the 
nt work has been done with boehmite, th alled monohydrate, y-Al,O,,H,O or 
AlIO-OH.* We have also used (a) the anhydrous oxide, y-Al,O,, to provide information 
ibout the behaviour of a surface containing oxide but no hydroxide groups, (+) a material 
eferred to below as “ gibbsite-type material with a ce similar to that of gibbsite, 
ALOH , containing hydroxide but no oxide grou t and (c) samples of boehmite and 

\1,0, treated with alcohols so as to modify their surface 


DISCUSSION 


Boehmile.—Fig. 1 shows the isotherms of concentration change for some of the systems 
investigated. They were analysed in terms of equation (1 lor a group of relatively 
non-polar adsorbates, it gives individual isotherms of the general shape familiar for carbon 

The data are given in Table 1, with typical curves lustrated in Fig, 2 
ition (1) expresses the concept of unimolecular adsorption for this type of system, 
but could also give a reasonable analysis into individual isotherms in some cases of multi 
layer adsorption. In the work on charcoal, the results were interpreted in terms of 
unimolecular adsorption. Indeed, the pores of the charcoal were so fine that, in most 
cases, the adsorbed layer could not greatly exceed a monolayer. In spite of this, Hansen 
and Hansen ® proposed a “ pore-filling ’’ mechanism as an alternative interpretation of 


the data. From the theoretical point of view it had the drawback of giving a less specific 


explanation of the nature of adsorption, and, in practical terms, failed when applied in 
a critical case.* 

Activated alumina has much wider pores than this charcoal, and its adsorption of 
ipours involves multilayer formation and probably capillary condensation, Cons« 
equilibrium adsorption from mixed saturated vapours would not readily lend 
itself to interpretation of liquid-phase data for such an adsorbent. The question arises, 
however, whether selective adsorption (as the ter used above) in adsorption from liquid 
ures is still confined, as with charcoal, to one 1 ilar layer, or can spread to more 

me layer in the wider pores of alumina 
juation (1) is most easily interpreted in terms of filling of a specified area rather than 


(possibly) unspecified volume with two types of adsorbed molecule There are, however, 


three lines of experimental evidence which support the unimolecular interpretation fot 


° lesignating the phases of alumina there i m iriation between British, American, and 
practice 
te itself has not been prepared wit i 
hich approximates to a layer of mbb 
, J., 1952, 4123 
Cipling, /., 1954, 3819 
, and Sloan, J. Amer. Chem 
anc an, thid., 1929, 51, 1643 
ind Hansen / Colloid Sct., 1954, 9, 1 
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Binary Liquid Mixtures on 


this first group of adsorbates. In the simplest theory of multilayer adsorption of single 
apours,’ it is assumed that the second and subsequent molecular layers are held by 
forces substantially equivalent to those operating in the bulk liquid (homogeneous ot 
idsorbate-adsorbate forces), and significantly different from those holding the first layer 
heterogeneous or adsorbent--adsorbate forces) [his concept is now thought to be some 
iat over-simplified, though as a first approximation it has been ¢ onfirmed experimentally 
ran_e 1. Individual isotherms for adsorption on boechmile from various systems .* 
a) cycloHexane—ben 
Adsorption Adsorpt Adsorpt 
mn r\ of mmoles /g { mmoles f 
C,H Call, ¥ (Call, C,H, Cgthy v (CoH, Cekises C,ll, 
oO-ou o-oo O4 Ovo lol Os Ol 1-24 
Oe 0-62 Od avo Lio ou woz oo 
0-47 O72 oo Oleg ] 1a o-oo 1-37 
0-3 ORS O7 O-13 1-20 
(b) Ethylene dichlorid 
Adsorption Adsorpti Adsorption 
(mmole g.) of mmole Vv mmoles/g.) of 
HCl C,H,Cl, CHe ¥ (C,H,Cl,) C,H,Cl, C,H, v (C,H,CI C,H,Cl, CoH, 
0-0 0-00 137 O4 0-98 O40 Os 1-37 Or Lt 
Ol O-35 1-4 Oh 1-12 Os4 ou 1-45 Oaos 
4 Ob! Oc” O68 ]-22 0-25 I 1-48 Ooo 
) ORS ooo O-7 i-sl O16 
CAl voform l n 
Adsorption Adsor| Adsorption 
imoles/g.) of mmol of mmoles /g.) of 
if CHCl, C,H, ¥ (CHICI,) CHCl, C,H, CHCl, CHCl, Cll, 
0 0-00 1-37 O-4 leil Odi Obs 146 OU; 
Url 0-38 1-03 OS 1-23 O27 Ov 150 OOo 
Wee O70 0-74 oo 1-33 o-18 1-0 1-53 Ooo 
Os O-%4 0-53 O7 1-40 Ole 
(d) Methyl acetate-—t 
Adsorption Adsorpt Adsorption 
mmoles /g.) of mmoles /f f mmoles /g f 
tr (MeQOA MeO Ax ( etl, vy (MeQOAc MeO Ar C,H « (MeQOAc) MeQAc ( all, 
0 0-00 1-37 0-4 24 6-26 O-8 1-47 OUD 
ie | 0-77 0-68 0-5 1-32 OLS Ov 1-50 OOS 
O2 0-08 u-4¥ 0-6 1-38 13 1-0 1-53 OOo 
Os 1-13 0-36 0-7 1-43 0-09 
e) Methyl acetate—eth dichloy 
Ad ption Adsorption Adsorption 
nmoles/g.) of mmoles /g mmoles /g 
leOA C,H,CI «(MeOAc) MeOA C,H,Cl O MeOAc C,H,CI 
Ov 0-00 1-48 0-4 1-24 O28 Os 1-45 ood 
Ol 0-82 0-69 0-5 1-32 rT 0-9 | wor 
On 1-00 0-50 O68 1-39 O14 10 1-53 Ooo 
Od 1-14 OSS O7 1-44 0-08 
: ibles 1—-4, # is the mole-fraction of the ¢« i formula in the liqu 
Thus the magnetic susceptibility of simple organic substances in the econd and subsequent 
layer lsorbed on silica gel has been shown to be the same as that of the bulk liquid, 
thou lifferent from that of the first layer.® 
If the same concept is applied to the adsorption of mixtures it would be expected that 
the first layer, held by heterogeneous forces, would have a difterent composition from that 


f the bulk liquid, whereas the second and sul 


would have substantially the same composition 
evidence confirms this. Cines and Ruehlen,* in a 
Brur er, Emmett, and Teller, J. Amer. Chem 
Mil n and Whitehurst, /. Phys. Chem., 1952, 56 
ir nd | len, thbid., 1953, 67, 710 
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Further experiments 


adsorbed to a 
It was therefore nec« 


with boehmite, however, suggest a different explanation. In all 
experiments with this type of liquid system, adsorption equilibrium has been es- 
| ell within 24 hour lor the system containing an ili ol l. howe ver, a lo N\ 
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1 much longer period (Fig. 4), and equilibrium could not be regarded 


lang ontinued over 
as éstablished until about 3 weeks had elapsed. This required a re-examination of the 
vapour-phase experiments, and it was found that the alcohols were slowly chemisorbed 
by boehmite at room temperature, and that the chemisorption appeared to take place at 
the oxide, but not at the hydroxide groups." It therefore seems likely that chemisorption 


of alcohols similarly takes place in the liquid phase and that by the time equilibrium has 


been reached, the chemisorption has extended over the whole of the available surface to 
give an “ alkylated ’’ alumina surface. On this new surface physical adsorption of both 
benzene and alcohol can follow in the normal way and would be ex per ted to extend for 
only Ol mole cular layer beyond the chemi orbe d mate rial 


The dip in the curve of mn Ax/m against time before the final slow rs 
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lhree further observations, relating to periods shorter than are required for equilibrium 
ith the liquid mixture to be established, support the assumption that the alcohol is in 
part chemisorbed [he concentration change is ré¢ if ooling the adsorbent during 
the addition of the liquid mixture, and thereby cou ting the rise in temperature due 
. , 
to liberation of the initial heat of adsorption ich in temperature would increase 
the rate of chemisorption as compared with that obtaining at the temperature of the 
thermostat bath (20 
lhis effect of t nperature has been confirme | by examining adsorpti n after 1 day at 
20°, 40°, and 60 For a tem in which physical adsorption only takes place, there i 
at the higher temperatures, an overall decrease in the preferential adsorption of the more 
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strongly adsorbed component. Fig. 1(6) shows this for the system ethylene dichloride- 
benzene with boehmite; Fig. 5(a) shows the same effect for benzene—ethyl alcohol with 
charcoal. For the benzene—alcohol systems with boehmite, however, this effect is found 
over only part of the concentration range after | day's contact [Fig. 5(6)—(d)}. For the 
remainder, it seems that the decrease in the preferential physical adsorption has been 
offset by increased chemisorption. On the other hand, at equilibrium (3 weeks), the 
chemisorption should be the same at 20° and 60°, any difference in the isotherms at the 
two temperatures being due to change in physical adsorption alone and therefore extending 
over the whole of the concentration range. This is found in practice [Fig. 5(e))}. 

similarly, if the system ethylene dichloride~benzene-—boehmite is held for successive 
periods of a day at 20°, 60°, and 20”, the final position of equilibrium at 20° is the same as 
the original position at this temperature. With the system alcohol-benzene boehmite, 
however, the effect of temperature is not reversible in this way as it should be for purely 
physical adsorption. 


MeOH-Cehy 
@ EtOH-Ceh, 
> Bu"OH-CeH 


ome 


Fic. 6 Isotherms of concentration * | 
change for physical adsorption on 0-8} 
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vidual isotherms) on “ alkylated" 
hoehmite fromethylalcohol benzene 
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Ov“ 04 06 
Mo/e-fraction of f tOH at equiHor 


Any analysis of the isotherms of concentration change can only be attempted after 
both physical and chemical adsorption have been completed. The isotherms for this 
purpose were therefore determined after 3 weeks’ contact between the adsorbent and the 
liquid mixtures (Fig. 5). The extent of chemisorption of the alcohols is known from the 
vapour-phase studies. The effect of chemisorption on the liquid-phase adsorption can 
therefore be calculated and subtracted from the isotherms of concentration change to give 
the concentration changes due to physical adsorption only (Fig. 6) 

The same separation into two stages has also been achieved experimentally. Boehmite 
was allowed to stand under pure ethyl! alcohol for 3—4 weeks, so that the surface should 
become completely “ ethylated’’ by chemisorption. The “ ethylated ’’ material, freed 
from excess of alcohol by evacuation, was then shaken with benzene-ethy] alcohol mixtures 
I-quilibrium was established in the time appropriate for physical adsorption, and the 
isotherm of concentration change for this stage was in agreement with that calculated by 
the above procedure (Fig. 6). Similar results were obtained with the other alcohols. 

The curves in Fig. 6 can be analysed to show the physical adsorption of each component 
by using equation (1). For this purpose, it would be incorrect to use the “ monolayer 
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values "’ derived from adsorption results on the untreated bochmite, as this adsorption was 
in part chemisorption. Instead, the adsorption of benzene vapour and of the appropriate 
alcohol vapour on each of the ‘ alkylated ” samples was measured and used to give mono- 
layer values for physical adsorption. From these values, the individual isotherms for the 
liquid-phase adsorption were calculated (Table 2 and Fig. 7). These are of the normal 


lante 2. Individual isotherms for physical adsorption on boechmile from various 
i 


systems. 
(a Methyl alcohol be n ne 
Adsorption Adsorption Adsorpti 
mmoles /g.) of (mmoles/g.) of mmoles /g.) of 
x (MeOH) MeOH Cli, x (MeOH MeOH C,H, x (MeOH) MeOH C,H, 
oO” 0-00 1-0% O-4 1-00 0-07 0-8 2°13 0-005 
Lt | }-14 ODO O5 2-05 0-05 o9> 2-13 0-004 
0-2 1-50 0-28 O68 2-09 0-03 10 9.14 0-00 
0-3 1-78 0-18 O-7 2°12 0-01 
(b) kthyl alcohol-benzene 
Adsorption Adsorption Adsorption 
(mmoles /g.) of (ramoles/g.) of (mmoles/g.) of 
a (h1OH tou C,H, x (MtO1) KtOonH C,H, * (EtOH) EtoH C,H, 
0-0 0-00 O07 O4 1-10 A | 0-8 1-16 O17 
od ou 22 Ob 1-1] 0-20 ov 1-26 Old 
(2 10 O21 0-6 1-12 0-20 io 1-40 0-00 
O% 110 O21 O77 112 0-19 
(c) n-Dutyl alcohol-benzene 
Ad yorptlion Adsorpti n Adsorption 
(mmoles /g.) of (mmoles /g.) of (mmoles/g.) of 
* (BuOOH) BuOH C,H, x (BuOOH) juOH C,H, * (uOH) BuOH C,H, 
Ovo 0-00 O-#2 O-4 0-73 0-27 0-8 0-78 0-23 
el O70 0-29 Os O-74 0-26 0-9 0-82 0-20 
0-2 0-72 0-28 0-6 0-75 0-25 0-95 0-95 0-10 
Os 0-73 O27 0-7 0-78 0-23 1-0 1-08 0-00 


type, and show that the alcohol is preferentially adsorbed on to the alkylated surface 
lhis might well be expected, as the surface still contains accessible hydroxide groups, 
which inevitably show preference for adsorption of ethyl alcohol (see below), while the 
chemisorbed alkyl groups may well show a slight preference for aliphatic over aromatic 
compound 

y-Alumina. As chemisorption of alcohol vapours also occurs with anhydrous alumina,” 
the liquid-phase adsorption would be expected to be essentially similar to that described 
for boehmite. This is borne out by experiment. Adsorption from the less polar substanc: 
follows the normal pattern for physical adsorption (lig. 8a). On the other hand, adsorp 
tion from systems containing an alcohol involves chemisorption. The same effects of 
time and temperature are observed [Fig. 8(b)—(d)|, and again only physical adsorption 
appears to occur on alkylated surfaces. Individual isotherms of physical adsorption fot 
these systems are of the normal type (Table 3). 

(Abbsite-lype material, Chemisorption of alcohols from the vapour phase does not 
occur on an alumina with a purely hydroxylic (" gibbsite ’’) surface. Adsorption from 
liquid mixtures containing an alcohol was therefore studied and was found to show the 
characteristics of physical adsorption only. Equilibrium was rapidly established (Fig. 4 
the eflect of temperature was that expected for physical adsorption (Fig. 9), and the 
isotherms of concentration change could be analysed directly in terms of unimolecular 
clectivity rhe individual isotherms thus obtained show that the surface has a strong 
preference for alcohol as compared with benzene (Table 4). 

General.——Our results on physical adsorption have not proved. that adsorption from the 

tems we have studied is unimolecular. In view of the existing evidence for this type of 
system, the successful analysis of our data in terms of equation (1) makes it highly likely 
that this is so. It is particularly significant that, even in the cases of simple physical 
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labLe 3 
various system 


i) Ethylene dichloride—ber 


Adsorption Adsorption 
mmoles /g.) of mmole 4 if 
H,¢ CHCl, C,H, ¥ (C,H,Cl,) C,H,Cl C,H, 
Od 00 0-77 4 O51 0-25 
Ol Old 0-63 OS 0-59 0-21 
4 O25 OO O6 0-66 OLS 
( 040 oOau 7 O71 O19 
b) Methyl alcohol-benzene 
Adsorption Adsorption 
ramoles/g.) of mmoles /g.) of 
x (MeOH MeOH C,H, *« (MeOll MeOhi Cyl, 
Oo OOO 7i | O89 O29 
Te OO OSS Od O92 O-2 
7) 82 Os2 06 oo 22 
0O-4 ORG 0-30 OF 1-09 Oly 
c) kthyl alcohol-benzene 
Adsorption Adsorption 
mmoles /g.) of (mmoles /g.) of 
reon ReOou ae KtoHu EtOH CoH, 
Oo O00 0-57 0-4 0-68 0-16 
Ol OOS Oi Ob O69 Old 
02 O63 Oly Ob O71 14 
Og 0-67 O16 7 ():72 Ola 
d) n-Putyl alcohol benzene 
Adsorption Adsorption 
imoles/g.) of (mmoles /g f 
oli MuOH CH, ‘(BuOOH BuOH C,H, 
Oo 0-00 O52 4 o-oo Ol 
Le | 0-44 O22 Od O62 O10 
a OSS O16 Og OOS Ooo 
og O67 OlS 0 0-68 0-06 
PasLe 4. Individual isotherms for adsorption on 
systems 
i Methyl alcohol-benzene 
Adsorption Adsorption 
mmoles /g.) of (mmeles/g.) of 
‘ feQil MeOH Call, * (MeOH MeOH ( Hi, 
Oo Ooo 1:17 O-4 9-15 woy 
1 1-06 O16 Ob 9-17 O-O5 
(ne 2°06 Oli 0-6 2.20 0-04 
| ye | O-O8 7 9-2) O38 
hthyl al ; l henzey 
Ad rpt Ad ption 
nimoles/g.) of mmol rot 
btu hwo C,H, htoH ton C,H, 
Oo o-oo 1-17 be | 1-54 O16 
‘) 1:45 Ov? Os 1-55 OLS 
2 bSl 1s O68 156 0-14 
0) 153 O16 OF 1-58 OLS 
n-Butyl f n 
Adsorption Adsorpti 
mmole ’ rf mmole 
x (uO buOQH C,H, + (buOH BuOhH C,H, 
oo 0-00 1-17 o4 110 Os! 
Te Los Os6 OS 114 2s 
Oe? 1-05 ee | O68 110 24 
os 1-08 O32 oO? 26 Ols 
, Z sz a 
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OS O-74 O12 
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idsorption in which the adsorbent showed the greatest preference for one adsorbate 

ilcohol-benzene systems with “ gibbsite '’), equation (1) could still be applied, This is 
a very severe test, for the first layer could be predicted to be very largely composed of 
ilcohol at most concentrations, owing to hydrogen-bonding between the hydroxyl group: 
of the aleohol and the surface. Thus the only cases in which equation (1) could not be 
applied directly were those for which evidence of chemisorption was found. The more 
omplex adsorption taking place in these cases can be interpreted in terms of chemisorption 
of the alcohol, followed by unimolecular physical adsorption on to the new surface so 
} 


formed 


It valuablk to compare the mole-fraction of ethyl alcohol which 1 f hysically adsorbed 
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required by the above discussion (hig IQ). [he alcohol 1 yst strongly held (relative to 
benzene) by the completely hydroxyli urface, le tronvly by the modified boehmite 
urface which presents a mixture of hydroxide and alkyl groups, and Ie trongly still by 
the modified y-Al,O, surface, which has a considerably lower proportion of accessible 
| Vall ‘1 le groups 
In terms of both physical adsorption and chem ption, these results suggest that, 
hen an alcohol is being used in chromatography with an alumina column, ome thought 
hould be given to the “ degree of hydration ”’ of tl lumuna rhis has already been 
ippreciated empirically,“ but the present studies give a detailed explanation 
Finally we note that Bartell, Scheffler, and Sloan's work on silica gel * vave very high 
ma 1 in the isotherms of concentration change for systems containing an alcohol, 
t that chemisorption takes place similarly on thi irface We hope to report 
1 this in a later paper 
‘ | Le ‘ Chromatograp lsc te n, 1054 
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ldsurption from Binary Liquid Mixtures on Activated Alumina, 


J°xX PERIMENTAL 


/ rbent lhe boehmite was Messrs. Peter Spence’s ‘Type A’ activated alumin 
hes ifacturers state to be essentially sub-crystalline y-AlO*OH ; it was used in B 
us 6.20. Two samples of anhydrous alumina, y-Al,O,, were made by heating this 
” to 500° for 6 hr., (ii) to 700° for 24 hr.; the surface areas differed accordingly. 1! he 
te the gibbsite-type surface was made by keeping the boehmite under water for 4 
en t ym temperature, and then drying it at about 80°. This procedure was followe: 
‘ e gibbsite cannot be made in bulk with a large surface area, Alkylated aluminas were mad 
treatment of boehmite and anhydrous alumina respectively with the appropriat 
cess of alcohol was removed under vacuum at room temperature 
val sample was that used by Blackburn and Kipling.* 
uf The alcohols were treated with magnesium activated by iodine,“™ and 
rhe fractions used had the following values for nn): methyl alcohol, 13289 
{. 1-329] * ethyl] alcohol, 1-361%3 (in agreement with Smith and Lonner’s value"); n-propy! 
13854 (in agreement with Carley and Bertelsen’s value *); n-butyl alcohol, 1-:3993 
13902 
let cetate was refluxed over phosphoric oxide and fractionated The fraction used 
13612 (cf. 13619 ™) 
ification of the other absorbates used has been described previously.*»* 
Monolayer value vere obtained by applying the B.E.T. equation to the 20 
therms for each vapour fhe isotherms were of Type IV in Brunauer 
[he monolayer values calculated from them are summarised in Table 5 
rani 5. Monolayer values from B.E.T. equation (in millimoles per gz.) 
CHCl, C,H,C), MeQAc C,H, 
rraite 1-531 1-481 1-528 1-369 
1) 0-813 0-765 
C,H, MeOH hou Bu®"OH 
‘ 1-369 
byoite ; 1-174 274 1-773 1-492 
lethylated "’ boeh mite 1-083 2-124 
ted "' boehmite 971 1-400 
tylated boeh mite OBS 1-81 
4 O84 
ret late y- alumina (2 0-708 1-404 
lated ne alumina 0-567 0-947 
liut ylated y alumina (2) 0-525 0-754 
ption from the liquid phase ha been described previously,®? a A took place it 20 
t ere another temperature is recorded 
connection with vapour-phase adsorption, we have noted that activated alumina can 
tiie cecom po ition of ethyl alcohol at low temperature Although the recorded 
position * are only small, it seemed desirable to make sure that such decompositio! 
ponsible for the long time apparently required for equilibrium to be reached in the 
© experiments, the refractive index of the mixture being taken as the criterior 
j ethyl alcohol wa haken with boehmite for periods up to two weeks and 
1 fe i change in refractive index No change was found greater than the experimental 
though we believe that some catalytic decomposition does take place, we think that 
tis on too small a scale to modify the conclusions reached above 
nowledge with gratitude a grant made to the Department of Chemistry by The 
‘ Company Limited We are also grateful to Peter Spence and Sons Limited fo 
cussions and for the gift of alumina sample 
I versity, Huw Received, December 12th, 1955 
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945. Crystal Symmetry, and the Adsorption of Dyes by Growing 
Crystals, Part I. Ammonium Nitrate LV. 
By Joun Wuet 


rhe suitability for dye adsorption of the principal | index planes of 
ammonium nitrate IV is discussed in the light of the scheme proposed 
reviously ' to explain modifications of crystal habit by dyes Lhe evidence 
f dye adsorption on certain planes obtained by study of dye inclusions i 
modified crystals is consistent with the « «pe f the above stud f 
the crystal structure 
\MMONIUM NITRATE IV, when crystallised from saturated solutions containing a dissolved 
ye, frequently gives platy habit-modified crystals with pleochroic coloured regions con 
ung adsorbed dye. Observations from some such crystals ha ilready been used ! 
n connection with the derivation of a theory of the mechanisms of erystal-habit modifi 
ition This paper shows how the observed pleochroic inclusion ith a variety of dyes of 
ferent structures are essentially related to the crystal nmetry of ammonium nitrate I\ 
the habit modifications produced 
tructure of Ammonium Nitrate IV Crysta Ammonium nitrate IV, stable between 
32-3” and 18”, usually eparates on very careful crystallisation as aciculat pseudo 
ionoclinic {110} needles or prisms, with bipyramidal termination Concordant X-ra 
tallographic determinations of its orthorhombic structure have been deseribed.*.4 


Planes on which planar dye molecules might preferentially be adsorbed are {100} 
{OLO}, {OOL}, {LOL}, and {110} Dye adsorption on one of the three pinacoidal form 
{LOO}, {O10}, and {001} would explain the frequent production of pleochroic dye adsorbate 
in modified ammonium nitrate LV crystal Che {001} plane consists of layers of ions all 


if one kind, but alternately regularly di placed by about 0-3 \ perpendicular to {001} 


The {O10} plane is of high reticular density and contains both ammonium and nitrate 
ions, all the latter being coplanar Che {L00} plane 1 ilar in type, but the nitrate ion 
are all perpendicular to {100}. 

rhe {110} plane is composed of both anions and cations accurately centred, with the 
nitrate ions all inclined at about 45° to the plane lhe reticular density ts high, as also it 
is in {101} which, too, is composed of alternate anions and cation These domal and pri 
matic forms, however, are obviously not ited to the production of pleochroic dye 

orbate 

According to ideas already expressed ! it may be concluded that {O10} is likely to be the 
pinacoid least suitable for adsorption of planar dy iolecules, because the included nitrate 


ons and the planes of the oxygen triangles of t ite groups of the dye would bi 


therefore that the most frequent habit modifi 


mutually orthogonal. It is significant 
ations observed are on this plane, and {101}, {001} 
be concerned in adsorption of dys 


{100} are the forms most likely to 


! for howe a 6 ind it 


Adsorption on {110} should also be possibl J L prismatic 

is probable that dye adsorption on {110} would mere! Co iate tl 
bit of ammonium nitrate [V, which is not a very distinctive chan 

The Possible Dual Nature of Habit Modification A point not previously considered | 


' 
ordinary acicuiat 


the opportunity for the simultaneous restriction of g1 th rate on plane ot two forms given 
by adsorption on planes of a third form, For exa hen dye adsorption is on {100} 


retardation of growth should follow on {O10} and {001}, to both of which (100) is an edge 


plane, and the final habit of the crystal would | in expression of the effect of the dye 
idsorption on the rates of growth in the a, bh, ind ¢ direction Owing to the close similarity 
of the polar-group spacing of the dye molecule and the tonic pattern of the crystal plane, 
overgrowth of adsorbed dye molecules on {100} is likely to be relatively easy; thus the 
rate of growth is likely to be k iffected in the a than in the c direction. However, the 
etstone, Trans, laraday So 1955, 61, 075, 1142 
endricks, | njak, and Kracek, /, Amer. Chem I 54 66 
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t of t ( tals is also influenced by their inherent tenden in th 
etl Che final habit of the modified cry tals is usually found to be more clongat 
it n the c direction 
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l le . 


[he key to the structures of the dyes is given in the 
(Imperial Chemical Industries Limited) 


Acid Magenta and Related Dyes.—Acid magenta 
{ ammonium nitrate solution below 32° 


in concentration 0-2—-0-5% by weight in a saturated 

found readily to induce crystallisation of the salt as soft slimy lamellar aggregates 
Other ymmercial samples of this dye behaved likewise, and also the commercial dye red 
violet 5K V-monoethyl-acid magenta On reduction of the concentration of dye to 
0-01—0-005%, careful crystallisation usually yielded {010} platy or lath-like crystals 
elongated on {100} with a central rb or “ hour gla f pleochroic dye inclusion along 
the a ff elongation. Specially prepared dyes which gave similar effects were trisulphon 


immonium nitrate LV {O10} Modification. Crystal habit-modifying dye 


| ition of polar grouy n 
I Plane of adsorptior diagram of plane 
ture * Dy« pleochroist fitting x O,” group 
1 dye 
la Amarant! r BA {100} 1100! A(4)-10 
OH (2 X(3)-8, X(6)-3 
| D1] LOO} {LOO} Xi4 lo 
Ni ] 3)-8, X(6)-3 
Napht l e-3: 6-disulphonat > Oo! (100 
nay t 4+: 6-di ulp nate oOo] 
i] | LOOT) ool K(f 9 A(T 13, ACT i) 
(3 4. (6)-8 
| ) Oo! Oo] X14 1, X(6 , Xs 6 
é)-nor planar 
\(3)-8, X(6)-42a (near) f 
[1b E2] OO! Ta K(3’")-12. X(6)-15, X(8’)-11 
I plat if 
$)-2 6-0 
J i C.1, 438 ‘loo Loo \(3 ,, A(6 2, XA(2 
X(3)-17, X(6)-21, NH,-13 
( ! |-yellow CR C1. 441 100 Loo X(2’)-7, X(2 11, COSH(L)-S 
CO) hit 13 
iriphenyvin i 
la ‘I f 1ated pararosaniline (¢ 1. 676 100 Low H(4)-11, NEI,(4 4 H1,(4 s 
4-10 $ +) 5 s 
Vi l If ted 1 aniline acid 100 boo tt 
ta C.1. 692 
J ly ited “‘ new magenta rcid LOu} 100 clitt 
venta ND C.1. 678 
| i methyl-violet (C.L. 680 {100 100 1Me,(4)-11, NMe,(4 » NIiMe,(4 5 
$)-10 4°)-6 } iZ 
Vila 7 Iphonated Ddbner's violet {100 1 H,(4)-] Hi,(4)-10 
3)-5 i) ‘ 
I Dobnet let 100} LOO H,(4)-5 bi,(4 
4-6 } ‘ 
i thraqu , 
1: 4-D nthraq e-2-sul 100 Loo H,(1)-7, NH,(4)-6 
t Il 
. e the esa liun Ip ite there ‘ rally accepted conven 
t f numbe r the ring systems of bisazo(or tetra | d the extreme right-hand systems 
the forr t vn have unprimed numeral na ime ‘ i vided as nece iry as 
irds the left King systems y tn fine hic acid 
ber prime 1 as re juired 
a ta n line wit 2 in buy ; 
ited der tives of the following 1) new magenta (C1. 675 hb) rosaniline (C.I, 677), 
pararosanilil C1. 676) (only after modification of the pH to 3-4), and (d) methyl-violet 
(1.680 vith difficulty Che leuco-bases of these dye yere not habit-modifiers, presumably 
eecause of their non-planar configuratior Attempts to prepare mono and di-alkylated 
| magenta 1 L pure state were unsuccessful lrisulphonated rosolic acid only gave very 
weak modifications of ammonium nitrate IV. These dyes are all characterised by meta-sul- 
ph nation and p-amino-, p alkylamino-, or Pp hydroxy-groups on each phenyl group of the 
triphenylmethyl radical, 
* Figure n parentheses after names of dye 692 e the reference in the Colour Index 
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vim pr d structure (t ame scale) of t 


im ions, double circles represent edgeway 


, with superims ed structure (lo same I of dye kL] (Nitrate 
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lyeways Unnumbered ions are 0-208 A above those numbered 
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axial plane {001}, deduced from the orientation of the melatopes of the i 

vas in all cases parallel to the direction of elongation of the modified ery 
ist therefore be the a axi I-xamination in polarised light showed that the 
minimum when the electric vector was aligned with [the optic axial plane, | 


| strongly when the optic axial plane was perpendicular to the electric vector 
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Polarisation should be at a maximum when the electric vector is in the plane of the dye mole 
cules, which must therefore be adsorbed on {100} or a plane almost parallel with (100) 

Comparison of the acid magenta structure with possible planes for adsorption indicated that 
excellent agreement of the amino-groups with cation sites could be obtained on {130}; but since 
sulphonated diamino-triphenylmethane dyes such as trisulphonated Débner’s violet and mm’-di 
sulphonated Débner’s violet gave precisely similar modifications to acid magenta, and these 
dyes could not be considered to be fixed in the lattice merely with two amino-groups replacing 

mmonium ions, it was most probable that adsorption was actually on {100}. It was possible 
to accommodate both anionic and cationic groups in ionic sites in this plane, and probably the 
notably high proportion of polar groups replacing io1 e crystal plane is responsible for the 
ery strong habit-modifying tendencies of this type of dy« 

The absence of polar groups on the third phenyl ring improves the fitting of mm’-disul 
phonated Débner’s violet as compared with acid magenta, which is consistent with the powerful 
habit-modifying effects observed with both the dye and its leuco-base rhe reduced efiect 
noted with trisulphonated Débner’s violet is probably connected with the para-sulphonation 
of the third phenyl ring, which results in a misfit between the dye structure and the (100) plane 

Pentasulphonated Aniline-blue.—The commercial sulphonated aniline-blues (C.I, No, 706 
are mainly trisulphonates, and had but a slight modifying effect on ammonium nitrate IV 
When these products were further sulphonated, in common with ink-blue A.S. prepared by 
direct ulphon ition of aniline-blue, they showed more activity A laboratory produc t, 
appearing from analysis to be slightly more than pentasulphonated, gave modified crystals of 
ammonium nitrate IV in the shape of thin {010} laths elongated on {100} and containing a 
central strip of pleochroic dye inclusion [he colour was at a maximum when the electri 
vector was aligned with the a axis. This is indicative of dye adsorption on {001}, which is in 
harmony with the highly sulphonated character of the dye, since the layers of ions in this plane 
are all of the one kind, 

Amaranth or Naphthol-red S and Related Dyes,-- Amaranth, or the pure dye preparation BA, 
induced the crystallisation of ammonium nitrate IV in soft, red, apparently lamellar masses 
but on closer examination the individual platy crystals appeared to be parallel aggregates of 
thin fibre-like crystals. With other isomeric dyes in which the same sulphonate group orient 
ation as in amaranth is retained, ée.g., DIF, a similar structure was observed in the crystals of 
ammonium nitrate IV obtained, although owing to the lessened activity of some of these dyes 
the constituent fibres of the crystals were coarser, These fibres were oriented in the platy 
aggregate so as to present their {010} faces in all cases. Cinephotomicrographic observation of 
their growth process showed that they were formed by an initial parallel growth of fibre-like 
crystals close side by side followed by a filling in of the intervening spaces 

Microscopic examination of the amaranth-modified crystals showed that the direction of 
elongation of the constituent fibres was along the a axis, and that the fibrous crystals were 
markedly pleochroic. The colour was at a maximum when the electric vector was parallel with 
the ¢ axis. This implies that the amaranth molecules are located on {100}, if the previous 
assumption that the dye molecules should be in a plane perpendicular to the habit-modified 
plane containing the coplanar nitrate ions is accepted. 

It is fortunate that this particular instance permits testing of this hypothesis. The amaranth 
molecule can be fitted on {100} with its sulphonate groups occupying the sites of three nitrate 
ions However, the dye can also be fitted flat on to {010}, although the oxygen triangles of the 
sulphonate groups are then perpendicular to the nitrate ions. The dye molecule when fitted 
on to {010} lies along the {101} direction. If this in fact represented the true mode of adsorption 
of amaranth on ammonium nitrate IV, then the maximum colour on rotating the modified 
crystals in polarised light should be developed when the electric vector is intersecting the fibre 
at an angle of about 50°, and not as was observed 

The Bis-azo-dye E] (8-Naphthylamine-5 : 1-disulphonate->a-Naphthylamine-7-sulphonate->§ 
Naphthol-3 : 6-disulphonate).—The usual crystals of ammonium nitrate IV modified with EJ 
were quite dissimilar from those modified with amaranth. In place of the parallel growth of 
fibres, the initial growth of the crystals at fairly high rates appeared as dendrites branching 
at an acute angle (ca. 17°) and the space between the dendrites was then filled in with a platy 
growth. If the rate of growth of the crystals was slow, the dendritic growth was much less 
apparent or occasionally not observed, and a crop of thin, soft, lath-like crystals was obtained 
A number of these crystals examined possessed a strongly coloured central rib, which wa 
strongly pleochroic. The elongation of the laths was on {100}, and the colour of the crystal 
was found to be a maximum when the electric vector was parallel with their elongation, from 


4846 Crystal Symmetry, etc. Part I. 


which the dye molecules must be located on {001}, The dye molecules may be fitted on to ions 
all at one level in {001}, the only non-fit being the 3-sulphonate group of the R-salt component. 
A dye E2F (6-naphthylamine-5 ; 7-disulphonate->«-naphthylamine-7-sulphonate->{-naphthol- 
6-sulphonate), prepared to test the effect of omitting this apparently non-useful sulphonate 
group, was unfortunately almost completely insoluble, but its crystal habit-modifying powers 
were still apparent, which is indicative of exceptional potency in the very low concentration 
obtained 

The Bis-azo-dyes E2D and E2E (vespectively 4-Naphthylamine-4 : 6: 8- or -3: 6: 8-trisul 
phonate->a-Naphthylamine-7-sulphonate->$-Naphthol-3 : 6-disulphonate).—-These dyes gave 
similar crystals to those modified with EJ, Their characteristics and pleochroism were precisely 
the same, and the dye molecules could be located on {001} with all sulphonate groups but the 
central 7-sulphonate of E2E and the central 7-sulphonate and the 6-sulphonate of the R-salt 
component of E2D, occupying anion sites. 

These dyes are examples of those in which the coplanarity of the component naphthalene 
ring systems is sterically hindered by the 8-sulphonation of the first coupling component. The 
strain in the molecules may be relieved if the central coupling component is forced out of co 
planarity by the 8-sulphonate group; this, however, will still allow coplanarity of the first and 
the third naphthalene ring system to be maintained, Since the 7-sulphonate of the central 
anaphthylamine component apparently does not assist in the dye adsorption when all the 
rings are forced into coplanarity, this would not appear to be a factor capable of materially 
altering the adsorptive forces between the crystal lattice and the other polar groups of the dye 
molecules 

lhe Aminoanthraquinonesulphonic Acids.—1: 4:5: 8-Tetra-aminoanthraquinone can be 
fitted accurately on to the modified plane {010} of ammonium nitrate IV, but this insoluble 
compound could not be expected to exert any effect on crystal habit. When sulphonated it 
became only slightly soluble, and modified ammonium nitrate [V crystals to laths on very slow 
crystallisation above pH 8, but this modification may also be explained by dye adsorption 
on {100} 

odium 1; 4-diaminoanthraquinone-2-sulphonate was quite soluble and had a marked 
habit-modifying power for ammonium nitrate IV, platy {010} crystals often being obtained, On 
careful crystallisation, thin elongated plates with a central rib of pleochroic dye inclusion could 
be obtained, or sometimes with “‘ hour-glass ’’ inclusions, On examination in polarised light, 
it was found that the maximum colour was produced when the electric vector was perpendicular 
to the a axis. This indicates that the dye molecules must lie on {100}, and indeed it is possible to 
locate the two amino-groups on cation sites and the sulphonate group on an anion of {100} 

Chromaszol-yellow C.R.S. (C.1. 441).—This dye, although only slightly soluble, was neverthe 
less capable of bringing about platy development of ammonium nitrate IV under favourable 
conditions of crystallisation, These thin {010} crystals obtained in the presence of the dye 
appeared almost completely colourless; but it was possible by less careful control of temperature 
on some occasions to obtain lath-like crystals of ammonium nitrate, with a central rib of adsorbed 
dye which was sufficiently conspicuous to allow observation of its colour changes in polarised 
light as the crystal was rotated. The pleochroism was identical with that of the previous 
example, so that dye adsorption must be on {100}; and, in fact, it is possible to fit the dye 
molecule in {100}, with its two carboxyl groups and its two sulphonate groups quite accurately 
replacing nitrate ions (disregarding any departure from coplanarity of the benzidine portion) 
and one hydroxy-group occupying an ammonium ion’s site. 

Cinephotomicrographic Study of Growth of Modified Ammonium Nitrate Crystals.—Cinephoto 
micrographic study of the growth of crystals of ammonium nitrate modified with acid magenta 
(2% in the saturated salt solution) showed clearly that their soft, slimy nature was due to 
dendritic growth processes. The dendritic crystals grow strongly in two directions inclined to 
one another at an acute angle (about 17°). This is consistent with the suppression of the 
crystals’ growth on {100} and {001}, the growth now being most rapid on {101} and {102} which 
are planes of reasonably high ionic reticular densities, the normals being inclined to one another 
it 18° (approx.). The extreme complexity and thinness of these dendritically grown crystals 
is clearly responsible for the effectiveness of surface-coating ammonium nitrate with this dye in 
preventing the caking of ammonium nitrate in bulk.4. The same conclusions apply to a number 
of other crystals habit-modifying dyes, 


‘ Whetstone, Ind. Eng, Chem., 1952, 44, 2663 
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Diagrammatic Illustrations of Adsorbed Dyes on Crystal Planes,—Diagrams of the two 
pinacoids {100} and {001} most commonly concerned in habit-modification phenomena are 
reproduced (Figs. 1 and 2), and the dyes acid magenta and EJ respectively are shown super- 
imposed on the planes. In order to facilitate comparisons of other dye structures with these 
planes the ions are all numbered, and the ionic positions on which the polar groups of the dyes 
considered may be superimposed are given in the Table. The sulphonate groups of the dyes 
are depicted merely as carbon—sulphur bonds; it will be understood that the planes of the 
oxygen triangles of the sulphonate groups are perpendicular to the plane of the dye molecules. 

It may be seen from the Table that it is possible to account for many habit modifications 
in terms of dye adsorptions in conformity with the pleochroism exhibited by the modified 
crystals, and that there are no apparent exceptions 

The few crystals without pleochroism examined have usually contained only very faint dye 
inclusions, so that there has been no suspicion of their abnormality. The only modified crystals 
not falling into line with the {010} platy kind have been fibrous growths obtained with azo 
fuchsine G and one or two other dyes-—-unfortunately this type of growth has only been observed 
with one dye of verifiable structure and no conclusions are justifiable from consideration of such 
an isolated instance 

Interpretations of the plane of adsorption from coloured dye inclusions in crystals have in 
general been straightforward. The ‘‘ Trypan-red ’’ dyes are exceptions in that pleochroism 
was relatively slight with respect to the depth. of colour of dye inclusions, Simultaneous 
adsorption on two pinacoids perpendicular to {010} may account for this, Where only one or 
two sulphonate groups have been concerned in the habit-modification phenomena, the fitting 
of models of the dye structure on to the probably concerned crystal planes will often not give a 
unique solution of the problem of the mode of adsorption of the dye molecules, so that the 
evidence of dyes containing more polar groups is in general more valuable, Some habit modifiers 
have not been considered owing to our ignorance of their structures, ¢.g., sulphonated phthalo 
cyanine which is adsorbed on {001} 


The author acknowledges the aid of Imperial Chemical Industries Limited, Dyestuffs 
Division, and Dr. E, K. Pierpoint, whe prepared many dyes not listed in the Colour Index, and 
’rofessor W. Bradley, Dr. C. H. Giles, and Professor Wilson Baker, who gave many samples of 


obsolete commercial dyes for testing 
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946. A Polarographic Study of Copper Malonate Complexes. 


3y E. Geities and G. H. NANCOLLAS. 


Association of the cupric ion with the malonate anion in aqueous solution 
at 25° has been studied by polarography over a range of concentrations. 
Association constants for the reactions Cu*’ + CH,(CO,”), = CH,(CO,),Cu 


and Cu®? + & H,(¢ O, ). = ¢ uf¢ H,(¢ O, als" have been obtained. 


In our recent studies of the association of dicarboxylic acid anions with rare-earth ions, 
successive association constants for the reaction M** -+ A?- == MA*, and MA’ + A?# 

== MA,~, were derived from potentiometric measurements.’* For bivalent cations, 
the second stage of the association MA -+- A*- = MA,*~ would be expected to be less 
favoured by the electrostatic energy term. The first association constant for copper 
malonate has been obtained from both conductometric and potentiometric measurements ; * 
it is of the same order of magnitude as that for lutetium malonate.* Potentiometric 
evidence has been obtained for the formation * of MA,?~. Previous workers ® failed to 
observe any displacement in the polarographic half-wave potential for cupric ion in copper 
malonate solutions, probably owing to insufficient resolution of the potential scale, 


Gelles and Nancollas, Trans. Faraday Soc., 1956, 52, 98 
* Gelles and Nancollas, ibid., p. 680 

Peacock and James, /., 1951, 2233 
* Riley, J., 1930, 1642 
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The polarographic method, where applicable, is particularly suited to the stucy of 
uccessive equilibria, because it provides the most direct evidence on the number of ligands 
held by the reducible ion. We have found that in the presence of malonate ion the cupric 
ion is reversibly reduced, the half-wave potential becoming more negative the higher th 
malonate concentration. The association is sufficiently strong, and the reactions are 
sufficiently rapid compared with the rate of diffusion of cupric ions to the electrode surface, 
rise to a single, reversible, two-electron wave, and to shifts in half-wave potential 

vhich the successive association constants can be deduced 


EXPERIMENTAL 
reagents were used where available. Copper nitrate solutions were analysed 
y for copper; sodium malonate solutions were prepared from sodium hydroxide 
ic acid solutions of known concentration, Gelatin solutions were freshly prey 


ise from “‘ Polaritan ’’ material. Potassium nitrate was used as supporting electrolyte 
Measurements were made with a Tinsley pen recording polarograph and dropping-mercury 
electrode It was found possible to determine potentials to 4-1 mv by di ising the voltage 


pan of the instrument from 3-0 to 0-3 volt A Tinsley potentiometer reading to 0-1 mv was 
eck the applied potential and, in conjunction with a standard resistance, the current 
points along the wave. Current values were taken from the envelope of the tops of 
of the recorder, operated without damping. Vor a given copper concentration, 
vere constant to within 0-1 ua With a cell resistance of 1800 ohms, the effect 
half-wave potentials was negligible. The capillary was made from marine barometer 
the drop time was 3-6 4- 0-1 sec., and the mass rate of flow, 1-41 mg. sec., w 


ured on open circuit in 1-OmM-potassium nitrate. The polar graphic cell was a 20-m 


vessel provided with a *‘ Ouickfit ’’ neck into which the capillary could be lowered 

el was also provided with three side arms: one led to a small cup sealed into the base 

of the cell to collect the dropping mercury, another was fitted with a small bubbler to prevent 
back diffusion of oxygen, and the third allowed nitrogen to be passed through the cell, after 
which it served as a connection to the saturated calomel reference electrode through a saturated 
potassium chloride agar salt bridge. Nitrogen, freed from oxygen y means of vanadium 
phate solution, was bubbled through the cell for 15 min. before each polarogram was recorded 


0-005%, of gelatin was used as a maximum suppressor All measurements were made at 25° -+ 0-1 


RESULTS AND DISCUSSION 
In solutions containing cupric and potassium nitrate, a reversible two-electron wave 
observed at ionic strengths of 0-1 and 1-0 with a half-wave potential Ly’ = 0-017 
tive to the saturated calomel electrode. 
Half-wave potentials were obtained from the intercept of the plot of logy, t/(t, — 1) 
against applied voltage, where ¢ is the current corresponding to the particular voltage and 
1, is the diffusion current, corrected for residual current. The equation for the wave 


hi: FE} — (RT |nP) In [t/(ig — 1) (1) 


requires for a reversible two-electron reduction that the linear plot shall have a slope of 
0-0206 at 25 Reversibility in a typical experiment is illustrated in Fig. 1; the half-wave 
potential obtained from the intercept is —0-081 v and the slope is 0-030. 

[he polarographic behaviour of solutions containing a large excess of malonate ion is 
ummarised in Table 1. Cy, represents the total malonic acid concentration, Cy the total 
metal-ion concentration, and [A*~] the malonate-ion concentration in moles/| 


TABLE 1, Measurements at high concentrations of malonate ton 
(lonic strength 1) 
1OPL, 10°C 10*|Na*} Slope ry 10*{A* 
O00 5-49 10-00 0-031 0-126 5-00 
24) 3-49 5-66 0-030 0-098 1-66 
2400 n49 3-50 0-029 0-006 1-50 
OO 49 2-80 0-o3i 0-083 0-80 
1-00 349 1-83 0-030 0-081 0-83 
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With the malonate ion in large excess, the concentrations of the free malonate ion in solution 
and on the surface of the mercury drops may be assumed to be equal. The shift in half 
wave potential is then given by 


AF E, — E,' (RT /nF) In K, — (xRT/nF)in[A**] . . (2) 


where » is the number of electrons involved in the reduction process, x is the number of 
malonate jons associated with each cupric ion, and A, the association constant for the 
formation of the complex MA,*~ from the cupric ion, activity coefficients being neglected 

rhe linear relation between AF and log,.{A*~} is illustrated in Fig. 2. The slope of 
the line is 0-058, showing unequivocally that the complex in these solutions is preponder- 
antly CuA,*-. From the intercept, the association constant at ionic strength / 1 is 
derived, 


K, = (CuA,?-}/((Cu** }[A?-}*) = : , (3) 


At much lower concentrations of malonate ion, eqn. (2) is not applicable since the 
concentrations of the malonate ion in solution and on the surface of the mercury drop 


. ! J 
OA 0/0 Ol ys iy 
Adi fs) 4 fa2 
og \A 
; ‘ filit f veduct ¢ 4 ‘ 
bic. | Reversibility of reduction for lasi ». 2 hift in half-wave potential with con 


; 7 
experiment im Table | ition of malonate ton 


ire not equal. The concentrations at the drop surface, [M*~,) and [A*-,], and the 
association constants K, and K,, can be calculated from equations (4)-—(6).® 


Ak (RT /nF) In (Cy /2{M**,)) . (4) 
Al (RT /nP) In (1 + AYA €,{A*~}?) (5) 
A?) +- [M?*,}(K,[A*"4 2K,{A* (6) 


ummarised in Table 2 


Measurements at low concentration lonate 4 

(lonic strength 
Ky 10*(M?*,) i 10°*K 
10-00 40) 0-038 3-03 0-64 
8-00 4°40 0-033 4:49 22 0-65 
6-00 40) 0-027 714 0-68 
5-00 40) ~ 0-022 10°57 2-62 0-64 
4-00 4°40 O17 15-6 0-67 
00 40 0-001 63:4 | 0-63 
Mean 0-65 


Ringbom and Eriksson, Acta Chem. Scand., 1953, 7, 1105 
Davies, /., 1938, 2003 
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An approximate thermodynamic association constant K,° may be calculated from th 
above value of K, at ionic strength 0-1, by using activity coefficients obtained from the 
Davies equation: ® 

50 x 10° , (7) 


[he polarographic value is in good agreement with the potentiometric (6-0 x 10°) and 
conductometric (56 x 10°) values. The difference between the values of K, at ioni 
trengths O-l and 1-0 is presumably accounted for by the change in value of the activity 
coefhaent, At an ionic strength of approximately 0-3, Riley’s potentiometric measure 
ments * gave a value for Ky of 3 x 107, 
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» Beer, Bb. G. Dutton, D. B. JAguiss, ALEXANDER ROBERTSON, 
and W. E. SAVIGE 


Ihe conversion of a reduction product of neoquassin into |: 2: 8-tri 
methylphenanthrene with selenium suggests that quassin and neoquassin are 
diterpenoid compounds. 

Fusion of quassin with alkali gives creosol and an acidic lactone, 


C 4H ,,0,, the structure of which is discussed, 


On being heated with selenium, neoquassin undergoes extensive decomposition and the 
only product identified was 3: 4: 5-trimethylguaiacol,! derived presumably from the 
»-iketone enol ether system (1) designated chromophore (A) in Part III.* Exploratory 
experiments with other dehydrogenating agents (e.g., palladised charcoal) were not 
encouraging and it was concluded that a necessary preliminary to successful dehydrogen 

ation in this series was the development of a method of reducing the high oxygen content 
of quassin or neoquassin. Accordingly, neoquassin was reduced by Clemmensen’s method 
under a variety of conditions. By the Martin technique it was converted into a non 

crystalline product which did not exhibit significant absorption in the ultraviolet region 
above 220 my. Other modifications of the Clemmensen reduction gave similar product 

from which only small amounts of two crystalline compounds were isolated. Of these, one 
is apparently a tetrahydronorneoquassin, C,y,H,O,-OMe, the ultraviolet absorption 
pectrum of which indicated the absence of conjugated carbonyl groups whilst the infrared 
absorption spectrum had peaks at 3401 cm. and at 1721 cm.-!, due to a hydroxyl group 
ind (probably) to a eyelohexanone residue, respectively. On the basis of the partial 
formula (11) for neoquassin this preduct is probably (II1) 

The second erystalline product, CygHggO,°OMe, also had no significant absorption in the 
ultraviolet region (above 220 my) and its infrared absorption spectrum did not contain a 
peak due to a hydroxyl group. The presence of at least one unconjugated carbonyl! group 
in this compound is indicated by the formation of a pale orange 2 : 4-dinitropheny! 
hydrazone (Amex, 370 my in alcohol). This reduction product, which is probably formed 
1a compound (III), can be tentatively formulated as (LV). 

ince neither of the crystalline reduction products of neoquassin could be obtained in 
good yield, it was decided to attempt selenium dehydrogenation of the non-crystalline 
material from the Martin reduction. The resulting crude dehydrogenation product wa 
eparated by distillation into two fractions. On further purification the more volatil 
fraction gave a colourless oil which is probably an alkylated benzene but which has not 
been fully characterised. From the high-boiling fraction there was isolated a crystallin: 


hydrocarbon, CyygHy., which formed well-defined derivatives with picric acid and with 


* Part LV, J., 1956, 3280 
' Beer, Jaquiss, Robertson, and Savige, /., 1954, 3672 
* Hanson, Jaquiss, Lamberton, Robertson, and Savige, thid., 4238 


’ 
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trinitrobenzene, and which from its composition and ultraviolet absorption spectrum * 
f >. we 


appeared to be a trimethylphenanthrene. A survey of the literature suggested 1: 2 
trimethylphenanthrene * (V) and this conclusion was shown to be correct by direct 
comparison with an authentic sample, kindly supplied by Professor R. D. Haworth, F.R.S 


CH: OW 


(1H) - (IV) 


In addition to 1: 2: 8-trimethylphenanthrene, the high-boiling fraction from the 
dehydrogenation gave an almost colourless oil, the ultraviolet absorption spectrum of 
which was similar in general outline to that of 1: 2:3: 4-tetrahydrophenanthrene, The 
orange-red trinitrobenzene derivative melted over a range (73-—80°) even after repeated 
recrystallisation. Analysis of the oil indicated the formula C,,H gg, or Cy,Hyg9, the latter 
corresponding to a tetrahydrotrimethylphenanthrene. In this connexion it is noteworthy 
that selenium dehydrogenation of dihydroxycassanic acid is reported to yield a mixture 
of 1:2: 8-trimethylphenanthrene and its tetrahydro-derivative; ® the latter is a liquid, 
forming an orange-red trinitrobenzene derivative, m. p. 85—-87 


(VI) 


rhe formation of 1: 2: 8-trimethylphenanthrene (V) by dehydrogenation of a neo 
quassin derivative provides the first definite evidence that quassin and neoquassin are 
diterpenoid compounds. The nature of the functional groups and the number of double bonds 
present being taken into account, it is reasonably certain that quassin contains the carbo 
cyclic system (V1) which is elaborated in partial structures (VII) and (VIII) so as to 
accommodate the two possible arrangements of chromophore (A). The complete structure 
for quassin must include (i) three extra carbon atoms, probably attached to 
ring € and associated with the lactone system; (ii) a second «$-unsaturated ketonic system 
chromophore B of Part III,* possibly sited in ring &); (iii) a second methoxyl group. 

With hot 10°, aqueous sodium hydroxide quassin gives a mixture of alloquassinolic 
acid and an isomer,® compounds which are evidently stable to the further action of aqueous 
alkali since they are also obtained when quassin is treated with boiling 50% aqueous 
sodium hydroxide. Fusion with alkali has now been found to effect extensive degradation 


3 n Heilbronner, Daniker, and Plattner, Helv. Ch {cla, 1949, 32, 1723; Askew, J., 1935, 609; 
Bartor aw tt ind Thomas ] 1951, 3147 

* Hawort and Mavin J., 1932 2720 

* Ruzicka and Dalma, Helv. Chim. Acta, 1939, 22, 1516 
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of the quassin molecule and, when carried out in an open vessel, gives rise to small amounts 
of two well-defined products, one of which was easily recognised as creosol (IX). This 
guaiacol derivative could arise from ring A in formula (VII) and (VIII) or less probably 
from the ring carrying the second methoxyl group present in quassin. The second product 
WaS a nobasic acid, Cy,H,,O,, containing at least two C-methyl groups, giving a positive 
hydr ic acid test for an ester or lactone group, and forming a monobromo-derivative 
in which the bromine atom is inert. On methylation with methyl sulphate and alkali, 
this acid (referred to in the sequel as the C,,-acid) was converted into a methoxy 
dicarboxylic acid, Cy,H,,O~OMe, which with diazomethane yielded a dimethyl ester, 
(,,H,,(OMe)(CO,Me),. These results, together with the fact that in alkaline solution the 
(,,-acid couples with phenyldiazonium chloride, support the view that this acid contains a 
masked phenolic group as part of a lactone system. Our failure to isolate the corr 
ponding hydroxy-acid implies that the lactone system is very readily formed and suggest 
that the C,,-acid may be a derivative of a-coumaranone (X) containing a carboxyl group 
and four other carbon atoms which must be present as alkyl groups. Clearly the free 
carboxyl group of the C,,-acid is attached to the aromatic ring since the ultraviolet 
ibsorption spectrum of this acid (Am«x, in alcohol 274, 283 mu; log e« 2-91, 2-90) is very 
imilar to that of benzoic acid © (Ama, 271, 279 my; log e 2-88, 2-74) 

It is not possible at present to assign a particular structure to the C,,-acid but certain 

trictions can be placed on the arrangement of the substituents. ‘Thus it is unlikely that 
the carboxyl group occupies the 4-position of (X) because the corresponding methoxy 
dicarboxylic acid does not form an anhydride under conditions which bring about anhydrid« 
formation with homophthalic acid and similar compounds. The 5-position is probably 
blocked by an alkyl substituent since the C,,-acid gives a negative Gibbs test, in which case 
the 7-position must be unsubstituted in order to explain the positive coupling reaction 
lhe free carboxyl group is therefore most probably in the 6-position. Bromination of the 
(,, acid apparently occurs in the 4-position since the bromo-derivative is still capable of 
coupling with diazonium salts presumably at the 7-position. On the basis of thes 
irguments, it would appear that the C,,-acid has a structure of type (XI; R +4 } RR” 
‘ Hy, 

Attempts to clarify this structural problem by oxidative degradation of the metho 

uboxylic acid have been unsuccessful, The fact that with diazomethane in ether and 


CO.H 
Ry 


HO,¢ 


methanol the C,.-acid gave a liquid product with a higher methoxy! content than would 
correspond to esterification of one carboxyl group was at first thought to indicate that the 
jumaranone carbonyl group had some enolic character, as suggested by Berner 7 for th 
wtone (XII). This would imply that at least one hydrogen atom is attached to thi 
» position of the coumaranone ring, but it was subsequently found that on prolonged 
treatment with diazomethane the C,,-acid was converted into the dimethyl ester of the 
methoxy-dicarboxylic acid. It is clear therefore that the lactone ring is slowly opened 

ider the conditions employed 
lhe limited conclusions reached regarding the structure of the C,,-acid do not provide a 
firm basis for a discussion of its relation to quassin. It may well be that the acid is not 
imply related to the parent molecule. For this reason and because the preparation of the 
C,,-acid involves the destruction of relatively large amounts of quassin, the authors do not 

nt contemplate any extension of this part of the investigation 


and Kohlenburg, /., 1951, 804 
icta Chem. Scand., 1949, 3, 1117 
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EXPERIMENTAI 


Unless otherwise stated, the light petroleum used had b. p. 60-—-80°. Ultraviolet absorption 
spectra were measured with a Unicam spectrophotometer and infrared absorption spectra with 
a Grubb-Parsons double-beam spectrometer, a paste of the material in ‘' Nujol ’’ being used. 

Reduction of neoQuassin,—-The amalgamated zinc used in these reductions was prepared by 
slowly adding a solution of mercuric chloride (0-65 g.) in concentrated hydrochloric acid (1-25 ml.) 
to an agitated slurry of zinc dust (5 g.) in water (6-5 ml.). After 15 min, the amalgamated zinc 
was collected, washed with several portions of water, and used immediately, 

(A) A mixture of neoquassin (10 g.), toluene (600 ml.), amalgamated zinc (50 g.), con 
centrated hydrochloric acid (50 ml.), and water (25 ml.) was vigorously heated under reflux 
for 70 hr., with additions of more zinc (20 g.) at intervals of 8 hr. and concentrated hydrochloric 
acid (4 ml.) hourly. The toluene layer was separated, the aqueous liquor extracted several 
times with chloroform, and the extract combined with a solution obtained by grinding the 
residual zinc amalgam with chloroform, The concentrated chloroform (15 ml.) and the toluene 
solutions were combined, washed with successive portions of 2N-aqueous sodium hydroxide and 
finally with water, dried, and evaporated, giving a yellow gum (8-18 g.) which did not exhibit 
significant absorption in the ultraviolet region above 220 my 

(B) A solution of neoquassin (1 g.) in methanol (30 ml.) was added to amalgamated zi 
(10 g.) and concentrated hydrochloric acid (5 ml.), and the mixture heated under reflux for 
36 lir., with the addition of more zinc (4 g, at 7-hourly intervals) and concentrated hydrochlori 
acid (3 mi. at 2-hourly intervals), The residual amalgam was ground with several portions of 
chloroform and the solution combined with the chloroform extract of the reaction mixture 
Evaporation of the washed (as in method A), dried extracts gave an almost colourless gum 
(0-79 g.), a solution of which in benzene-light petroleum (2: 3) was passed through alumina, 
rriturated with light petroleum, the gum (0-56 g.) from the eluate solidified and was repeatedly 
crystallised from this solvent, giving a product in needles, m. p, 160-—163°, after sintering at 
158° (ound, in a sample dried at 60° for 4 hr.: C, 72-5; H, 94; OMe, 89. CyglH gO OMe 
requires C, 72-4; H, 9-25; OMe, 8-9%). The 2: 4-dinitrophenylhydrazone separated from 
chloroform in orange feathery needles, m. p. 272—275°, ,,,,. 370 mp 

(C) A mixture of concentrated hydrochloric acid (5 ml.), amalgamated zinc (20 g.), neo 

in (1 g.), and acetic acid (10 ml.) was kept at room temperature for 17 hr., the liquid was 
inted, and the amalgam washed with dilute acetic acid rhe combined acidic liquors were 
treated gradually with 5N-aqueous potassium hydroxide (67 ml.) followed by water (60 ml.), 
heated to 80° for 1 min., cooled, filtered (the pH was 9), and extracted with chloroform. Evapor 
ation of this extract left a gum (0-29 g.) which was dissolved in the minimum amount of ethyl 
the gradual addition of light petroleum to this solution gave letrahydronorneoquassim 
as repeatedly recrystallised from ethyl acetate-light petroleum forming needles, m, p 
2: 233°, after sintering at 227°, with a negative ferric or tetranitromethane reaction (Found, 
in a sample dried in a vacuum at 120° for 14 hr. : C, 66-85; H, 87; OMe, 84. CygH,,O,°O0Me 
requires C, 66-3; H, 85; OMe, 82%). This compound was insoluble in 2n-aqueous sodium 
hydroxide and stable to neutral permanganate solution. 

When the reaction mixture obtained at room temperature (Method C) was boiled for 16 hr. 
with the addition of more concentrated hydrochloric acid (5 ml. at 4-hourly intervals) the sole 

ystalline product isolated after chromatographic purification was identical with the product, 

p. and mixed m. p. 160--163°, obtained by Method (/?) (lound, in a sample dried im vacuo at 

for 10 hr.: C, 72-2; H, 9-5%). 

1: 2: 8-Tvimethylphenanthrene.—_The gum (8-18 g.) from method (A) was warmed and 
intimately mixed with powdered selenium (16-3 g.), and the mixture kept at 320--340° for 36 hr 
rhe sticky reaction mixture was triturated with hot light petroleum and then extracted with 
this solvent in a Soxhlet apparatus for 16 hr. After removal of a little brown, non-crystalline 
acidic material with 2N-aqueous sodium hydroxide, evaporation of the light petroleum extract 
left a viscous red oil (3-64 g.) which was distilled, giving three fractions: (i) b. p. 80 
100°/0-05 mm. (2--3 drops), (ii) b. p. 160-—-230°/0-0256 mm. (2-23 g.), and (iii) b. p. 
230--300° /0-025 mm. (trace). Redistillation of fraction (ii) gave a mixture of oil and crystals, 
from which the oil was removed with a small pipett After being washed with a little light 
petroleum, the residual crystals (110 mg.), m. p. 118—124’, were combined with similar material 
from another dehydrogenation experiment on 3-9 g. of gum and purified by chromatography on 
alumina. Elution with light petroleum gave a solid (100 mg.) which on repeated purification 
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from alcohol afforded 1: 2: 8-trimethylphenanthrene in plates, m. p. and mixed m. p. 144 
145° (Haworth and Mavin record * m, p. 146°); light absorption in 95% ethanol; 4,,, in my 
log ¢) values as follows: 214 (4-68), 254-5 (4-68), 262 (4-78), 284 (4-10), 295 (4-10), 308 (4-19), 
424 (2-62), 340 (2-54), 356 (2-13); 2,4, in my (log c) as follows: 234 (4-09), 257 (4-67), 280 (4-02), 
200 (3-92), 301 (3°83), 321-5 (2-61), 334 (2-39), 354 (2-056); points of inflection: 225 (4-40), 345 
2:32), 349 (2-24) (Found: C, 93-0; H, 7-5. Calc. for C,,H,,: C, 92-7; H, 7:3%). Prepared 
in alcohol, the picrate formed orange needles, m. p, 165-—166° (Found: C, 61-4; H, 40; N, 9-3 
Calc. for Cy,Hy¢,CgH,O,N,: C, 61-5; H, 43; N, 935%). Haworth and Mavin record‘ m. p 
163° for 1:2: 8-trimethylphenanthrene picrate. The trinitrobenzene derivative separated 
from alcohol in long yellow needles, m. p. 190—-191° (Found: C, 63-9; H, 41; N, 98 
Cyg@H yg CeHgOQN, requires C, 63-7; H, 4-4; N, 9-7%) 

rhe oil accompanying the crystalline phenanthrene was purified by chromatography from 
light petroleum on alumina and eluted with the same solvent, leaving the more strongly absorbed 
1; 2: 8-trimethylphenanthrene (90 mg.) on the column, Distillation then gave as the main 
fraction a pale yellow oil (0-16 g.), which on being twice distilled afforded an almost colourless 
oil, b. p. 160-—170°/0-025 mm.; light absorption in 95% ethanol; 4,,,, values in my (log e) 
232 (4-67), 286 (3-51), 330 (2-78); 4,4), in mp (log e), 261 (3-18), 324 (2-63); inflection, 314 (2-90) 
Found: C, 90-3, 90:35; H, 9-4, 9-6. C,,Hg, requires C, 91-0; H, 9-0. C,,H,, requires C, 
90-2; H, 98%). Prepared in alcohol, the trinitrobenzene derivative formed orange-red warts 
which even after repeated purification had indefinite m. p. (73—80°) 

Decomposition of Quassin with Alkali.-A mixture of quassin (20 g.), methanol (40 ml.), and 
a solution of potassium hydroxide (26 g.) and sodium hydroxide (38 g.) in water (60 ml.) was 
heated in a nickel crucible, at first on the steam-bath (until most of the methanol had evaporated 
ind subsequently in a metal bath, the temperature of which was raised to 240° during 1 hr. and 
then kept at 240--260° for 15 min. A solution of the reaction mixture in water (500 ml.) was 
saturated with carbon dioxide, and the phenolic product isolated by continuous extraction with 
ether On distillation this gave an oil, b, p. ca, 130°/2 mm., with a strong guaiacol like odour 
ind a greenish-blue ferric reaction, With phenyl isocyanate in light petroleum (b. p. 80-—100°), 
this substance gave the carbanilate of creosol which crystallised from light petroleum, containing 
i little benzene, in needles, m. p. 139—140° (Found: C, 69-8; H, 5-9; N, 5-5; OMe, 12-0 


(4ll,,0,N*OMe requires C, 70-0; H, 5-8; N, 5-5; OMe, 121%) rhis compound was identified 
by comparison with a specimen, m, p, 139—-140°, from authentic creosol (5-methylguaiacol) 
found; N, 5-5; OMe, 11-9%) 

After removal of the phenolic fraction the aqueous liquors were acidified with hydrochloric 
iid and the continuous ether-extraction process repeated, giving a black tarry acidic fraction 
Kepeated extraction of this product with hot light petroleum, containing a little ethyl acetate, 
fave a pale yellow gum which on trituration with a little cold ethyl acetate furnished an acid 
(TBH 4 m. p. 204-208 Purified by recrystallisation and then by sublimation [160 
180° (bath temp.) /0-002 mm.], this compound, the C,, “ acid,’’ had m. p, 212—-214° [Found: C, 
66-6, 66-5; H, 6-0, 59; C-Me, 105%; M (Rast), 212. C,,H,,O, requires C, 66-7; H, 60%, ; 
M, 234 Ihe acid gave a positive hydroxamic acid test for an ester or lactone and coupled in 
ikaline solution with diazotised aniline but did not give a coloration with 2 : 6-dichloroquinone 
chloroimicde Attempts to decarboxylate the acid, ¢.g. by the glycerol-copper bronze method 


were unsuccessful 
Vethylation of the C,, Acid.—Methy] sulphate (4 ml.) was added portionwise in 30 min. to an 
igitated solution of the C,,-acid (0-6 g.) in 2N-aqueous sodium hydroxide and, after the addition 
of more aqueous sodium hydroxide (10 ml.), the mixture was heated on the steam-bath for 2 hi 
; 


rom the cooled, acidified solution the methyl ether (0-6 g.) was isolated by extraction with ether 
ind with ethyl acetate and crystallised from ethyl! acetate-light petroleum, forming irregulat 


prisms, m. p, 212--214°; the analytical sample, prepared by sublimation, had the same m. p. 
(Found: C, 63-1; H, 69; OMe, 11-7; C-Me, 15-0. C,,H,,O”OMe requires C, 63-2; H, 6-8 
Me, 11-7%). This methyl ether reacted with sodium hydrogen carbonate, did not couple in 
alkaline solution with diazotised aniline, and was recovered in good yield from an attempted 
decarboxylation at 250° in glycerol containing copper bronze. With ethereal diazomethane 


ontaining a little methanol this compound was slowly converted into a dimethyl ester, which was 
purified by distillation (b. p. 192-—202°/0-05 mm_), and then by crystallisation from ether-—light 
petroleum (b. p. 40--60°), forming stout needles, m. p. 72° [Found : C, 65-2; H, 7-7; OMe, 31-7. 


Cy,l1,,0,(OMe), requires C, 65:3; H, 7:5; OMe, 31-6% he same ester, m. p. and mixed 
m. p. 72°, was obtained in low yield by prolonged treatment (ca. 20 days) of the C,,-acid with 
excess of ethereal methanolic diazomethane at 0° (Found ; OMe, 31-6; C-Me, 10-5%) 
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Bromination of the C,, Acid.—A solution of the C,,-acid (0-2 g.) in acetic acid (2 ml.), contain 
ing bromine (0-6 g.) and a trace of iodine, was kept in the dark for 18 hr., and then diluted with 
water rhe precipitated bromo-derivative (0-18 g.), m. p. ca, 195°, separated from aqueous 
alcohol and then from ethyl acetate-light petroleum, in rectangular plates, m..p, 201-—202° 
(Found ; C, 49-8; H, 4:3; C-Me, 11-5. (C,,H,,0O,Br requires C, 49-9; H, 4.2%) rhis product 
was recovered in good yield after being heated with 10% aqueous potassium hydroxide for 2 hr. 
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948. The Structure of Molecular Compounds, Part X1.* Crystal 
Structure of the Addition Complex of Quinol and Methyl Cyanide, 


By S. C. WaLLworkK and H. M. Powe Lt. 


Che molecular compound 3C,H,(OH),,M (M CHyCN) has a hexagonal 


tructure closely related to that of the other members of the series (M S< My, 
\, ete.) but the 8-quinol framework which encloses M is distorted more than 


in any other known member of the series Chis distortion probably includes 
both slight extension and puckering of the hexagon of hydrogen bonds through 
which the quinol molecules are linked, and a minor departure from the 
rhombohedral lattice. 


In Part VI! a survey was made of the crystal structures of the series of clathrate com 
pounds of general formula 3C,H,(OH),,M, where M is a molecule of dimensions which 
permit its enclosure in cavities between two interpenetrating giant molecules formed by 
quinol molecules linked through hexagons of hydrogen bonds. In the structure where M 
is methyl cyanide the cagework of quinol molecules was considered to be extended to its 
limit, since the compound decomposed noticeably in the open and methyl cyanide was the 
largest molecule observed to form this type of clathrate compound, The extension of 
the cage could be measured by the angle of tilt 6 (Fig. 1) of each quinol molecule from the 
plane of the hydrogen-bond hexagon [which is also the (0001) plane of the hexagonal unit 
cell in each case}. On the assumption that the hydrogen bonds were of length 2-75 A in 


1, One quinol molecule is shown with 
its oxygen—oxygen axis inclined at an angle 
0 to the (OOO1) plane, together with two 
hexagons of hydrogen bonds parallel to 


th t lane Liistance n 


4 S$551n@ 


each structure it was possible to calculate the angle 6 independently from the a and ¢ unit- 
cell dimensions, and in every case but that of the methyl cyanide compound the two values 
of 6 so obtained were in agreement, For the methyl cyanide compound, however, 6 was 
47° 36’ when calculated from a and 49° 10’ when calculated from c, and this discrepancy was 
interpreted as indicating further distortion of the quinol cage either by extension or by 
puckering of the hydrogen-bond hexagons. In order to investigate this matter further, 
a more detailed crystallographic study has been carried out. 

Crystals were obtained as colourless hexagonal prisms or rhombohedra by cooling warm 
aturated solutions of quinol in methyl cyanide. By the liquid-air method they gave a 
weak pyroelectric effect. On exposure to air the crystals lost methyl cyanide and by 
uccessive weighings of a sample it was found that half of the total methyl cyanide content 
was lost after 2} days and three-quarters after 11 days. X-Ray photography of an 
originally single crystal of the compound showed powder lines of a-quinol appearing 
superposed on the single-crystal diffraction pattern as the crystal decomposed. Crystals 


* Part X, /., 1962, 319 
Palin and Powell, J., 1948, 815 
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to be used for intensity measurements were protected by coating them with Canada balsain 
and these showed only slight effects of decomposition after several days. The decomposi 
tion interfered with the determination of the density by flotation in xylene~bromobenzen: 
mixtures, but rapid determinations with fresh crystals gave approximately 1-34 g./c.c. 
From oscillation and Weissenberg photographs taken with copper radiation, and with 
thi tal oscillating about the a and c axes of the hexagonal unit cell, the dimensions were 
found to be a 16-01 + 0-02, ¢ 6-25 +001 A. The density, 1-34 g./c.c., and these 


hs » tlectron density projected on (0001), Lowest contour at 2 electrons|A*, others at intervals of | 
lyon except in the methyl cyanide peaks which have contours at intervals of 2 electrons /A*, | he 


voulay peaks vepresent CHyCN molecules with their linear axes perpendicular to (0001) Each of 
wrounded by six groups of peaks representing the quinol cage There ave eight peaks in each 
“p corresponding to the eight atoms of a quinol molecule which 1s tilted out of the (0001) plane a 
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dimensions give for the cell contents 3-02 3 units of formula 3¢ gli! dy, { H,°CN. Intensi 
ties were estimated visually on long- and short-exposure Weissenberg photographs obtained 
by the multiple-film method 

lhe diffraction patterns obtained resemble those given by the other members of the 


eries, but differ in having some reflections for which A — k +-1 4 3n. These reflections 
ue extr ly weak and show that, although the structure, unlike the others, cannot as 
i whole be based on a rhombohedral lattice, the deviation from this is very slight. There 
are 10 tematic absences, and the symmetry of the diffraction pattern combined with 


the non-centrosymmetric character indicated by the pyroelectric effect show that the 
pace group 1s ©3 


If it is assumed that the quinol cagework has almost the same form as in the other 
tructur { the series, and that the lack of a centre of symmetry is due only to the presence 
of non-centrosymmetric methyl cyanide molecules, Fourier refinement of the structure 


may be attempted by giving positive or negative signs rather than phase angles to F440 
because the methyl cyanide molecules are seen end-on in projection along the c axis. A 
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similar procedure had proved successful for the methanol compound.* Many signs were 
found by the isomorphous replacement method on the assumption that the differences in 
intensity of corresponding reflections in the methanol, sulphur dioxide, and methyl cyanicd 
compounds are due mainly to the different scattering powers of the enclosed molecules 
(i.e., the effect of distortion of the quinol cagework was neglected). In cases where no 
corresponding reflections had been observed for the other compounds, signs were computed 
from approximate parameters estimated for the atoms in the structure. In this way 
signs for all the 410 structure factors having / ; 3n were determined and corrected 
by refinement of the Fourier projection on (0001) 

In this projection the distortion of the structure from rhombohedral symmetry must 
be very slight because prolonged exposures show only five reflections having h — k - 3n. 
No matter what signs were assumed for these the distortion from rhombohedral symmetry 
of the Fourier projection was too small to be measured. In the final projection shown in 
Fig. 2 their signs were adjusted in such a way as to lead to equal electron densities at the 
positions of the methyl cyanide molecules and to the best correspondence of peak heights 
for similar atoms in the quinol molecules. Because the distortion from rhombchedrai 
symmetry is too srnall to be measurable the atomic co-ordinates obtained from this 
projection and given in the Table still correspond to rhombohedral symmetry, though the 
co-ordinates of the full asymmetric unit of the hexagonal C3 cell are given 

The atomic positions are not expected to be more accurate than about +-0-05 A, partly 
because they are all based on two-dimensional information and partly because of the 
difficulty of obtaining accurate intensities from crystals subject to decomposition. In view 
of this, although the projection is most directly interpreted as implying that the hydrogen- 
bond hexagons are puckered, it is not possible to rule out the alternative mode of distortion 
of the cagework in which the hexagons are extended but not puckered. ‘The co-ordinates 
directly observed (Table) correspond to a projected hydrogen-bond length of 2-78 A and a 


Atomic x and y parameters for one asymmetric unit of the cell 


Atom x y Atom : At 
(/uinol 

0, OH 0-090 0-200 C, (CH) O70 0-262 C,, (CH 775 0-662 
O, (OH 0-243 0-467 Cy, (C) 0-205 0-401 C,, (CH 0-930 738 
Oy (OH) 0-133 0-557 C, (CH) 0-108 0-320 Cis 0-795 O-5O0 
O, (OH) 0-910 0-800 Cy (CH) 0): 263 0-405 Cu. (CH O-sOL O67 
O, (OH) 0-757 0-533 C, (C) 0-067 0-529 C,, (CH O-737 0-595 
O, (OH 0-867 0-443 C, (CH) 0-995 0-554 Cre |! 0-933 O47) 
C, 0-128 0-266 Cy (CH) 0-071 0-475 C,, (CH 0-005 0-446 
C, (CH 0-225 0-338 oT ( OsST2 { Cos (CH 0-929 0-525 


Methyl cyanide 


Cae ( H,) 0 0 Cee (CL) 0 N, ‘ 0 0 

Cy, (CH,) 1/8 2/3 Cos ( 1/3 . 1/3 /3 

Cy, (CH,) 2/8 1/3 Cu (C) 3 1/3 1/3 
projected molecular length of 3-71 A. From the latter and an assumed actual molecular 
length of 5-5 A (as observed in other members of the series) the tilt 6 of the molecule from 
the plane of the projection is calculated as 47] lhe vertical height from oxygen to 


oxygen is therefore 4-06 A, 0-11 A less than the distance between the centres of the 
hydrogen-bond hexagons, 2c/3. This suggests that the hexagons are puckered so that 
the oxygen atoms are displaced alternately up and down from the mean plane by about 
0-05 A. In order to retain planar hexagons it is necessary to assume an error of 0-12 A in 
the projected molecular length. The hydrogen bonds would then have a length of 2-84 A. 
This alternative, though not ruled out, seems less probab! 

The calculation of the 000/ structure factors which might distinguish between the 
alternative structures is complicated by their dependence on the orientations of the three 
methyl cyanide molecules in the cell. These are known to be aligned (at least statistically) 


along the c axis, and their rotation about an axis perpendicular to c is greatly hindered.4 


* Palin and Powell, J., 1948, 571 
* Dryden, Trans. Faraday Soc., 1953, 49, 1333 
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It might be expected that in a succession of cavities along the c axis there would be a 
tendency for the mutual action of dipoles to align the molecules head to tail. The pyro- 
electric effect observed is weak and this may arise through disorder in such a column of 
methyl cyanide molecules, through different orientations of whole columns, or through 
both effect Some diffuse reflections observed on higher layer lines but not on the zero 
layer line of ¢ axis oscillation photographs indicate that there is disorder. The rather low 
heights of the Fourier peaks corresponding to methyl cyanide can be explained, as in the 
case of the methanol compound,’ by the movement, with restriction, of the molecules in 
their cavity 

Ihe OOO/ structure factors were calculated for a number of different structural arrange- 
ments, which involved different degrees of puckering of the hydrogen-bond hexagons and 
different orientations of the methyl cyanide molecules in the cell. None of the 
arrangements tried gave completely satisfactory agreement with the observed Fo. 
but those with puckered hydrogen-bond hexagons were more favourable than those with 
planar hexagons. The best agreement was obtained with puckered hexagons and with 
one methyl cyanide molecule in the cell pointing in the opposite direction from the other 
two 

With a structure of this complexity and crystals subject to decomposition and disorder, 
it is unlikely that the precise nature of the minor distortions of the hydrogen-bond hexagons 
and the departure of the quinol molecules from the ideal positions can be established 
without an investigation disproportionate to its importance. It seems probable that both 
modes of distortion, extension and puckering of the hydrogen bond hexagons, occur, the 
latter effect being more prominent. These distortions account for the comparative 
instability of this member of the series of 6-quinol clathrate compound 
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949. Aromatic Reactivity. Part I. Effects of Substituents on 
the Acid Cleavage of Phenyltrimethylsilanes 


By C. EABORN. 


Ihe acid-catalysed cleavage of some substituted phenyltrimethylsilanes 
in aqueous-methanolic perchloric acid has been studied spectrophoto 
metrically for a range of activating and weakly deactivating substituent 
The results provide a detailed picture of the effects of these substituents on 
electrophilic aromatic reactivity 


fue acid-catalysed solvolytic cleavage of aryl-Si bonds is an electrophilic aromatic sub 
titution in which a proton, initially solvated, is the attacking species.'. Since removal of a 
trimethylsilyl group from a benzene ring shifts the ultraviolet absorption spectrum about 
3-15 my away from the visible region, with little change of shape, the reaction 1s easily 
followed spectrophotometrically and may be conveniently used to study the effects of 
nuclear substituents on aromatic reactivity Ihe results are free from uncertainties about 
the position of electrophilic attack which complicate the aromatic substitution process: 
normally studied. 

It is generally accepted that electrophilic aromatic substitutions probably proceed 
through intermediates (o-complexes) of type (I) (e.g., in fert.-butylation, X = | and 


1) Eaborn, J., 1953, 3148; (b) Benkeser and Krysiak, J. Amer. Chem. Soc., 1954, 76, 6353; 
ee al Baines and Kaborn, /., 1956, 1436 
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\ H; in nitration, X = NO,, Y H),* and it is usually considered that in nitration 
and halogenation the formation of the intermediate is rate-determining,?:* but the kinetic 
isotope-eliects on which these beliefs are based are not, 


o> in fact, conclusive.4 The same uncertainty, namely, 

+ whether Oormation or age ruction oO 1¢@ Intermediate 

hether f t lestruct f tl t liat 

Ng (II) is rate-determining, exists also in protodesilylation ; * 
"> < Y MeSi “H but this does not reduce the significance of effects of sub- 
' stituents since in all simple electrophilic aromatic sub- 


titutions the transition states for formation and destruction of the intermediate are 
likely to be close in structure to the intermediate and to one another, and effects of 
substituents will be much the same on both transition states and intermediate.* 

lable 1 lists first-order rate-constants for removal of the trimethylsilyl group in aqueous 
methanolic perchloric acid, and the reactivities of monosubstituted phenyltrimethylsilanes 
relative to that of phenyltrimethylsilane. We draw attention to some particular features 


rABLE 1. Cleavage of substituted phenylirimethylsilanes by aqueous-methanolic * 
perchloric acid at 51-2 
Kelative Relative 
Hclo, LPR, rate HClO, |} 1A, rate 
ibst m) min! Kret log Rret ibst m)*® (min~™ (Arei.) log Ares 
p-NMe, . 0001056 46 — p-Me 4°53 2:72 211 1-32(5) 
O-O01056 105 9-22 38 
01056 6 ca 75 p-Et 9-22 35 10-5 1-29 
¢ 30 x 107 Me 9-22 32 17-8 1-25 
0-823 5 p-Pr 9-22 31 17-2 1-24 
9-22 53-5 p-But 9-22 4) 15-6 110 
2:4:6-Me, 0-1056 24-2 m-Me,Sir'CH, 922 hel 6-2 0-79 
0-440 116 53,600 4°73 p-P! 9-22 64 3-55 OSS 
0-823 258 p-Me,5Si 9-22 on 2-6 O40 
POH 0-1056 4-91 m-Me 9-22 41 2-3 0-36 
0-440 23-5 10,700 4-03 H 9-22 1-80 l Oo 
0-823 51-2 pb-k 0-22 1-35 O75 O12 
p-OMe 0-823 719 1510 3-18 pl 9-22 O24 Os O87 
2-35 39-8 f- bt 9-22 O18 O10 Io 
p-Me,Si-CH, 2-35 8-3 315 2-60 
4°53 40-5 
OMe 4°53 43 335 2-53 
* See Experimental section ® Concn. of acid, 2 | { which were added to 5 vol. of methanol 


(a) Alkyl substituents. The activating effect of an o-Me group (Aye), 18) is close to that 
of the ~-Me group (Aw), 21). This is in line with the closeness of the reactivity of ortho 
and para-positions of toluene in reaction with the br’ or HOBr* ion (partial rate factors, 
76 and 59, respectively 5), and in tritiation in which the ortho- and para-positions are 
equally reactive within experimental] error.® In nitration (partial rate factors, 42 and 58) 
and molecular halogenation (partial rate factors, 450 and 1990) steric hindrance is said to 
reduce the reactivity of the ortho-position.® 

rhe suggestion has been made that para-alkyl groups will activate according to the 
hyperconjugative order (Me > Et > Pr! > Bu') when the attack on the ring is by un 
charged electrophilic reagents but according to the reverse, inductive order when attack is 
by a positive entity.? However, in protodesilylation,* in which attack is by a positive 


* Removal of a trimethylsilyl group would be described as detrimethylsilylation "’ in a suggested 
yste itic nomenclature (/., 1954, 4717), but the lk formidable desilylation "’ will be used in this 
eries to denote removal of a silicon atom along with the attached g Ups The re plac ing group will 

illy be ecified, as in “ bromodesilylation,’’ but protodesilylation will often be shortened to 
desilylation vhen no confusion can arise 
Ingold, tructure and Mechanism in Organic Chemistry,’ G. Bell and Sons, Ltd,, London, 1953, 
Cl i} Vi 
* Melander, Arkiv Kemi, 1950, 2, 211: Berglund-Lar ! | Melander, ibid., 1963, 6, 219 


‘ Hammond, / imer. Chem, Soc., 1955, 77, 334 
de la Mare and Harvey, J., 1956, 36 
Olsson and Melander, Acta Chem. Scand., 1954, 8, 523 
Robertson, de la Mare, and Swedlund, /., 1953, 782 
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entity, the hyperconjugative order is followed, just as it is in molecular halogenation 
(and also in molecular bromodesilylation). The sole example of the p-Bu* group’ 
activating more than the ~-Me group in an electrophilic aromatic substitution is in 
nitration.” 
(b) Organostlyl substituents. Because of the opposition of 4-1 and —T effects the tri- 
methylsilyl group supplies electrons to the ring or withdraws them according to the 
emand.*® Nitration studies have shown the group to be slightly activating and weakly 
ortho-para-directing.“” Our results show it to activate slightly more from the para 
position than does the methyl group from the meta-position 
lhe trimethylsilylmethyl group is strongly electron-supplying,'' and the strong activ 
ation of the para-positions was expected. We believe that the large difference in activating 
power of this group in the para- and the meta-position (the activation ratio is 60: 1 compared 
with 10:1 for the methyl group) arises from hyperconjugation of the type (A), since 
this could operate directly only to ortho- and para-positions."+ Even so, activation by the 
m-Me,SirCH, group is anomalously low in view of its quite large inductive effect,“ and it is 


possible that steric hindrance to solvation is important since this bulky group must interfere 


with solvent approach to both positions ortho to itself, on which a substantial portion of the 
positive charge resides in the transition state. 

Methoxy- and hydroxy-substituents. The p-OH group activates several times more 
tro than the p-OMe group. This cannot arise from the formation from the phenol of 


I ount of the highly reactive phenoxide ion, ~-Me,Si-C,H ,O™, since this would be 


(| by increasing the concentration of acid, whereas the rate of reaction of th 


(A) (B) 


phenolic compound shows the same de pendence on concentration of acid as that of othe 
compounds (e¢.g., the ratios of the rate constants for 2-mesityl- and p-hydroxypheny! 
trimethylsilane are 5-0, 4-95, and 4-93 for acid concentrations ca. 0-8, 0-4, and 0-1M respec- 
lively). de la Mare and Robertson have suggested that the activating power of the p-OH 
sroup is greater than that of the OMe group because of the hyperconjugation shown in 
(13), but at least equally important could be hydrogen bonding between the solvent and the 
hydroxyl group (t.¢., .o OF ++* H—O- CH ySiMe,) which increases the electron-release 
of the latter, (The hydrogen bonding and hyperconjugation would, in fact, interact to 
reinforce each other.) 

lhe relative activating effects of p-OMe and 0o-OMe groups (45: 1), which reflect the 
tronger operation of the —I effect from the ortho-position, agree with those in replacement 
of deuterium by protium in which /-deuteroanisole is 3 times as reactive as o-deuteroanisol 
it 80°,44 

|) p-Dimethylamino-substituent. The very great activating power of this group ! 


clearly shown in Table 1, and our results confirm the rather indirect deductions from 
lecular halogenation.4 ‘The value of &,.) is arrived.at in the following way. 

p-Dimethylaminophenyltrimethylsilane reacts at an 0-01056m(added)-acid concen 

tration some 4:3 times as fast as mesityltrimethylsilane with 0-1056m-acid, and thu 


approximately 43 times as fast as the mesityl compound would react in the weaker acid 


* Cohn, Hughes, Jones, and Peeling, Nature, 1952, 169, 291 
* Henkeser and Krysiak, J] Amer. Chem. Soi 1053 75. 24°21 Faborn and Parl ef, a 1955. 126 
tt 1! Williams, /., 1956, 688 


/ fmer, Chem. Soc., 1953, 75, 2930 
i orn and Parker, /., 1054, 939 
Lauer and Day, /. Amer. Chem , 1955, 77, 1904 


la Mare, /., 1954, 4450 
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(actually rather more, since the rate falls off rather more rapidly than the acid concen 
tration). In the reaction medium, with 0-01056mM(added)-acid, 96% of NN-dimethy! 
aniline is found spectrophotometrically to be present as free amine, and since the p-tn 
methylsilyl derivative is a slightly weaker base rather less than 9-6% of it will be present a 
he free amine. Thus p-dimethylaminophenyltrimethylsilane is at least 430 times a 
reactive as the mesityl compound, and >2-3 x 107 times as reactive as phenyltrimethy| 
silane. A similar figure can be deduced from the rate in 0-1056 « 10°m(added)-acid, 
when 48°, of NN-dimethylaniline is present as free base. We believe the figure of 3-0 x 10’ 
in Table 1 to be accurate within 25%. 

~-Dimethylaminophenyltrimethylsilane reacts at a maximum rate with ca, 
0-ImM(added)-acid. At greater concentrations the rate falls slowly, the rates at 0-83 
and 9-2m-acid being 0-90 and 0-46 of that at 0-1056m-acid concentration, whereas rate 
increases of ca. 10 and 370 respectively would be found for other compounds. This 
behaviour is to be expected from our previous observation that the rate of desilyl 
ation is proportional to the proton-donating power of the medium as measured by 
the indicator ratio, [BH*}/[B], for a neutral base, B, (f-nitroaniline being the base em 
ployed). Since with acid concentration at least 0-IM(added) the /-dimethylamino 
phenyltrimethylsilane is almost all in the protonated form (which reacts at a negligible 
rate), the concentration of the latter changes inappreciably, and increasing the acid strength 
to double the indicator ratio for this base doubles the rate at which the free amine reacts 
but halves its concentration. The apparent rate would thus be independent of the acid 
concentration if it were not that (a) the variation of rate with the indicator ratio, [BH*)/[B}, 
is not completely independent of the base, 6,” and (4) at a given indicator ratio for a par- 
ticular base the rate of desilylation falls as the proportion of water in the medium 
decreases.“ Since our method of making up the reaction mixture means that less 
water is present in the more strongly acidic media, a slight fall in the rate of reaction of 
fp-dimethylaminophenyltrimethylsilane will result from an increase in the concentration 
of added acid 

Below ca. 0-Im(added)-acid the change in concentration of protonated base can no 
longer be neglected, and the apparent rate of reaction wil! begin to fall markedly as the 
concentration of acid is lowered, since the indicator ratio, [BH*|/{B} (and thus the rate of 
reaction of the free amine), falls more rapidly than the concentration of free amine increases 

Correlation with Other Electrophilic Reactions._-With the figures available in Table 1 
it is possible to test proposals that a free energy relation of the Hammett type, 
log Are. = po*, may apply to electrophilic aromatic substitutions or to reactions forming 
carbonium ions adjacent to the ring, o* being characteristic of the substituent for these 
reactions, and » characteristic of the reaction.4* If the proposals are valid, then 
log k',./log Rei. Should be constant for the various substituents where log Aye, refers 
to desilylation and log ’r., refers to some other electrophilic reaction Table 2 gives 
ome values of this ratio for an aromatic substitution involving a molecular reagent 
and one involving a positive ion, for the migration step of the pinacol rearrangement (which 
may be looked upon as an electrophilic aromatic substitution in which attack of a carbonium 
ion breaks a C-C bond), and for two Syl solvolysis reactions involving production of 
carbonium ions adjacent to the ring. 

fhe striking features of this Table are: (a) the reasonable constancy of the 
log 'rei,/log Rei, ratios for substituents m-Me, p-Me, ~-OMe, p-OH, and p-MNe,; 
and (b) the considerable deviations in most cases of the ratios for p-Ph and p-halogen 
ubstituents, the deviations being such that desilylation is several times slower than 
might have been expected. The strong deactivating effect of a f-Cl substituent is 
not an abnormality to be attributed to some special] features of this reaction, since similar 


deactivation is found in nitration, and it is significant that this is the reaction which 
most closely resembles desilylation, both being displacements at a ring-carbon atom 
by a positive reagent (The deactivating effects of a p-F substituent are also imilar 


'* (a) Pearson, Baxter, and Martin, /. Org. Chem., 1962, 17, 1611; (6) Kochi and Hammond, / 
tmer. Chem. Soc., 1953, 74, 3445; (c) Tsurata, Bull. Inst. Res. Kyoto Univ., 1064, 82, 149; (d) McGary 
Okamoto, and Brown, J. Amer, Chem, Soc., 1965, 77, 3037; (¢) Miller, Austral. J. Chem , 1966, 9, 61. 

7% 
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in the two reactions, whereas a p-F substituent activates in molecular halogenation and 
in brominolysis of benzeneboronic acids," and facilitates the ionization of triphenylmethy] 
chloride.*) It thus appears that while a satisfactory set of o'-constants may well be 
found for some of the substituents listed in Table 1], the influence of some others, such as 
p-Cl and p-Ph, will vary too greatly with the electrical demands to be expressed adequately 
by single o* constants. It is not surprising that the /-Ph group should behave abnormally, 
ince this substituent is so sensitive to electron-demand that it is one of only two group 


known clearly to activate in both electrophilic and nucleophilic aromatic substitutions.’ 

Tapie 2. Substituent effects in desilylation and other electrophilic reactions : 

values Of log R'rei,/log Rres 
Mol Pinacol Hydroly is of Ethanolysis of 
halogn.* cearr.* RC HyCH,O-Tos ¢ R-C,H,),CHCI 4 Nitration * 

p-NMe 2-6 
p-OH 2-0 
i ()Me 1 OBO 1-36 Odi 
pM 2°5 0-06 1-12 0-92 1-3 
p-Alky! 2-44 0-78 # 1-02" 
m-Mae 78 OT ORO 1+] 
p-Ph 6-0 1-90 Lvl 
pl ; 0-93 
pal 0-46 0-18 0-48 1-0 
p-T 0-6 O-4 0-33 10 


* Halogenation of R-C,H, in acetic acid. * hk’, is the migratory aptitude of K-C,H, relative 
to C,H, in rearrangements of {[(RK*C,H,)(C,H,)C(OH)), (Bachmann and Ferguson, /. Amer. Chem. Soc., 
1934, 56, 2081). * Swl hydrolysis of benzyl toluene-p-sulphonates in aqueous acetone 146 
reaction (Norris and Banta, /. Amer. Chem. Soc., 1928, §0, 1804 * Ref, 2, p. 247; log k's), for 
p-l 0-11) is obtained from the rate data on p. 246, and the orientation data on p. 260 of ref. 2 
rik ut. * K Py, * R Et. *§ log kre. 0-8; log Are O11 

A set of o' constants has recently been proposed by Miller, but since these are based 
exclusively on results for molecular halogenation, to test them against our data would yield 
no information not indicated by the first column of log /’r)./log Arey, ratios in Table 2 
\ similar argument applies to o* constants derived from solvolysis of benzyl toluene-p 


ulphonates.’” It has recently been suggested that for meta-substituents o* o (wher 
o is the usual Hammett « constant for nucleophilic side chain reactions 4”), while for para 
ubstituents 4 of =o — 0-134. <A set of o° constants so derived does not stand up to 


the test of our data, a plot of log Ay, against o' showing continuous curvature, as indicated 


by the following values of log Aye,/a' 
! p-NMe, p-OH p-OMe p-Me,Si‘CH, p-Me p-Ph m-Me p-Cl p-Br 
o 0-600 0-357 0-268 O- 2601 0-170 0-009 0-069 0-227 0-232 
g 0-734 0-491 0-402 0-304 0-304 0125 0-069 0-093 0-098 
log Aye /o* » 103 82 79 6-3 4°3 44 v2 U4 10-2 


However, we understand from Professor H. C. Brown that he has devised a new set of o* 
constants based upon the rates of solvolysis of substituted a«-dimethylbenzyl halides and 
that these can be correlated with the data of Table 1 and with those for fifteen other 
eles trophilic reactions at least as well as o constants are correlated with nu leophilic sick 
chain reaction We believe, nevertheless, that with this, and all, sets of ot constants there 
will inevitably be serious deviations from correlation in the case of certain substituent 
uch as p-halogeno and p phenyl, as indicated by the data of Table 2, particularly in 
ubstitutions at a ring-carbon atom as distinct from reactions involving electrophilic attack 
in a side-chain. 

pecial Features of Destlylation.—Comparisons of effects of substituents in this re- 
action with those in halogenation and nitration reveal no special features arising 
from the fact that in the former reaction a C-Si bond is being broken instead of a C-—H 


} ala and Benjamin, /. Amer, Chem. Soc., 1955, 77, 4834 
Evans, Jones, and Osborne, Trans. Faraday Soc., 1954, 50, 470 
‘? Jatié, Chem. Rev., 1953, 63, 191 
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bond. Phenyltrimethylsilanes are stabilized by dx-pr bonding, and this will be most 
marked when substituents with -+-T effects are present in the para-position (cf. the effects 
hown in (C)|, but since such a substituent will probably stabilize phenyltrimethylsilane 
in proportion as it stabilizes benzene the effects of sub 
YZ NX stituents re lative to one another will not differ much in 
(Cc) MeO—< y, om removal of trimethylsilyl and in the more familiar aromatic 
= substitutions 
rhe fact that a C-Si bond is being broken and not a C-H bond seems to decrease the 
pread of reactivities of substituted compounds (or the slope, p, of a plot of log Are, against 
0 lhus Melander * has shown that in acid-catalysed isotopic exchange, which is also an 
aromatic substitution by a positive hydrogen ion, the para-position of toluene is activated 
some 32 times as strongly as the meta, whereas a ratio of 9 applies in desilylation. This 1s 
expected, since the more electropositive the group being removed from the ring the greater 
will be the fraction of positive charge residing on it in the transition state, and the smaller 
that on the ring, so that the electrical effects of substituents will have smaller influence 


EXPERIMENTAI 


; 


M. p.s and b. p.s are corrected 


Materials.-The compounds employed have been previously described, except p-tert 
butylphenyltrimethylsilane, m, p. 78° (from aqueous ethanol) (Found C, 75-6; H, 10-8 
C,,H,,Si requires C, 75-7; H, 10-4%), and p-isopropylphenyltrimethylsilane, b. p. 126-——-127°/40 
mm., 222°/750 mm., n> 1-4914 (Found : C, 75-0; H, 10-5. C,H, Si requires C, 74-9; H, 10-5%) 
which were prepared from trimethylchlorosilane and the appropriate arylmagnesium bromide 
in ether, In all preparations from aryl bromides care was taken to ensure that no bromide 
remained unchanged before coupling with the silicon halide, as the bromides boil close to the 


corresponding trimethylsilyl compounds 
The following physical constants for R-C,H,°SiMe, 
be superior to those in the literature: R p-Cl, b. p. 211-5", m. p. 0-0°, nF 11-5097; p-Ph, m. p 


on7.no 


55-5° (from ethanol) ; p-OH, m. p. 76° (from light petroleum) ; p-NMe,, m. p, 27:5°; p-Me,SirCH,, 


compounds are new or are believed to 


m. p. 16-5 
p-Bromophenyltrimethylsilane, b, p. 230°, n? 1-5284 (prepared 
magnesium bromide and trimethylchlorosilans), probably contained small quantities of p-di 


from p-bromophenyl 


bromobenzene and p-di(trimethylsilyl) benzene which are very difficult to remove rhe former 
does not interfere in the rate studies (other than by altering the absolute values of the optical 
density), while the effect of the latter was minimized by neglecting the first 24 hr. of reaction, 
during which most of the di(trimethylsilyl) benzene is converted into benzene 

A pparatus.— For most of the rate studies a thermostatically controlled cell-holder was used 
in the Unicam S.P. 500 spectrophotometer, This holder (designed by Dr. N. Macleod) fitted 
on to the usual movable cell-carrier, and consisted of a block of copper with drilled spaces for two 
toppered 1 cm. quartz cells and for the light beam \ heating coil in the block was controlled 
by a Mullard Temperature Controller Type E7594 actuated by a thermistor in contact with the 
base of the block between the cells rhe absorption cells fitted closely to the metal, so that 


queous methanol in a cell at ca, 18° placed in the block reached the temperature of the block 
51-2°) in ke than 4 min. The subsequent temperature iriation could not be detected on 
sensitive Anschiitz thermometer placed in the liquid, either during a heating-—cooling cycle 


or in the course of a day, and was certainly <0-02 


Rate Measurement rhe ultraviolet absorptions of solutions of the organosilicon compound, 
ReCyHySiMe,, and the parent compound, R°C,H,, were examined in methanol, and wave 
lengths selected for following the removal of trimethylsily! ('sually two or more wavelengths 


were employed, and in all reported cases rate constants measured at different wavelengths did 


not differ by more than 2%. Although rate constants were reproducible to within +1%, and 
excellent first-order constants were obtained throughout the course of a reaction, often up to 
90 completion, the accuracy of spectrometric methods is greatly influenced by impuriti 

and we believe that the absolute values of the rate constants quoted in Table 1 may be in error 
by as much as 3°% for liquid aryltrimethylsilanes (possibly 6%, for the p-bromo-compound) 
but by rather less for solids, which could be obtained pure with certaintly. The ratio of the 
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rate constants for one compound at two acid concentrations, sometimes used in the “ overlap 


procedure for calculating values of k,, in Table 1, is more accurate 


lor reactions which could be completed in a day, 10 ml. of aqueous acid were added to 25 
of lution of the organosilane in redistilled ‘‘ Analak *’ methanol, and some of the mixture 
t erred to a 1 cm. stoppered quartz cell which was then placed in the cell-block thermo- 
tat cribed above. Absorption readings (relative to methanol) were begun after not less 


Reactions were taken to completion (i.e., to 10 half-lives) in the cell when the 
4 br., but in other cases “ infinity ’’ values were obtained from samples of the 


reacti mixture kept in sealed tubes at 51° for a period equivalent to 10 half-lives, or at 70 
{o period equivalent tol 1-5 half-live 
For slower reactions (R p-Br, p-Cl, p-¥, H, m-Me) 20 ml. of aqueous acid and 50 mil. of 
metl jlic silane derivative were mixed, and saraples (ca. 3 ml.) were sealed in drawn-out test- 
tubes which were then placed in a thermostat at 61-2 ** Zero time ’’ readings were taken on 
m withdrawn after ca. 30 min,, quickly cooled to room temperature, and examined in 
[he first-order rate constants, k,, are given by the equation, kt In [(Dy — Dy) /(D, — De)], 
bp the optical density at time t, D, that at zero-time, and J), that at infinity. 
} shows tl ‘ engths at which measurements were made and the concentration 
thie etl ic solutions of the silanes, R°C,H,*SiMe,, these usually being such that optical 
vere between 0-9 and 0-05 
1 Al 3 
Conc M A (my kk Concn, (mM A (my) 
1h lo* 441, 283° | 25 lo 233-6 
241, 284° p-l 4x lo 234 
40-4, 283 8 x lo 266 
6 10 70°44 Vie 1 x lo" 278 
10 468, 274° ] lo-* 
6 10 2667 { 12 lo? 
! los 182 H 14 lo? 
6 10 64, 272 p-Me,Si 4 lo 
| rh lum 180 OMe 2 1o~* 
15 lo 4h re 12 lo 
iH ; lo 83, 275 p-t l io 
é ] 10 73 p-Cl 1x io” 
f i) 235-4 p- Vr | li 
j } io* 271 
ClO, O-im * FHCIO, 0-4 * (HCIO, 0-Sm “ (HCIO, 92m * (HCIO, 
ool HCl, 0-O00lm ¢ Vhenyltrimethylsilane and benzene have low and similar absorption 
f elengtl o that the change in absorption reflects the disappearance of p-trimethylsilyl 
i ue 
methylaniline in Acidic Aqueous Methanol [he optical densities, O.D., at 51-2°, 
{ mi 25 ml. methanolic solution of the base, or its methochloride with 10 ml. of aqueous 
wid (of concn, shown) were determined in 1 cm, stoppered cells at 249 my (a maximum for the 
! Dba 
Compound Con { HCIO,) (mM O.D Ph-NMe, 
7 10 0 O 545 100 
7 lot 1-506 10 0-543 0-6 
iMe,*C] f ig 1-506 lw? 0-024 0 
\ 7 jo 1-506 ig?’ 254 445 
10 1-506 ig” 0-000 0 
the compounds used were in ude by Mr. |. B. Hurd, who also carried out some 
preiuminary reactuvity stu lies . 
{ i CoLLecs, Leicesres Re ved, July 2nd, 1056 
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950. Phosphorescence and Fluorescence of Some Aromatic 
Nitro-amines. 


By Rk. Foster, D. Lt. Hammick, G. M. Hoop, and A. C, E. SANpDERs. 


Hitherto undetermined phosphorescence bands of a number of aromatic 
I 


nitro-amines have been measured in the region 400 800 muy Che ellects of 
methyl and ethyl groups as substituents on the phosphorescence and fluor 


escence have been noted and discussed particularly in the light of theirs 
possible steric effects. 


Tue phenomenon of phosphorescence of organic compounds in rigid media was observed 
as early as 1896 by Schmidt,! but it is only recently that a satisfactory explanation of it has 
been given. Molecules in their ground state (N) on absorption of light of sufficient energy, 
exist for a short time, about 10° sec., in the first excited state (/’) from which they normally 
return to the ground state either by a radiationless, thermal process or by the emission 
of light, t.¢., fluorescence. Jablonski? postulated the existence of another, metastable, 
state (P) of lower energy than the state F and suggested that instead of going directly to 
the ground state some of the molecules in the state / might pass into a P state. Phos- 
phorescence is the emission of radiation when molecules return to the ground state 
from this P state. Lewis and Kasha* produced experimental evidence that the 
P state is the first triplet level of a molecule whose ground state is a singlet. This has 
been confirmed by direct observation of paramagnetism in molecules which have been 
excited to this state * and also during phosphorescence.° The fact that the transitions 
between triplet and singlet levels are formally forbidden results in the relatively long 
period required for the complete emission of such radiation, which is the characteristic of 
phosphorescence. If the substance is held in a rigid medium at a low temperature, the 
likelihood of the energy of the P state being lost by thermal collisions, rather than by 
phosphorescence emission, is reduced, 

p-Nitroaniline has been reported by Lewis and Kasha * to show strong phosphorescence 
when cooled in a rigid medium to —180°. We have now investigated the phosphorescence 
and incidently the fluorescence of a number of methyl- and ethyl-substituted p-nitro- 
anilines under such conditions. 


EXPERIMENTAI 


We are indebted to Dr. E. J. Bowen, F.R.S., for the loan of apparatus for the examination 
of phosphorescence and fluorescence spectra.* The light source is supplied by an alternating 
current of 50 cycles/sec. The amplifier responds only to multiples of 50 cycle 
of the short lifetime of the fluorescent state, any fluorescence emission of the material under 
examination will alternate in intensity with the same frequency as the intensity of the incident 
light which, being supplied with 50 cycles/sec. A.C., will alternate 100 times a second. Thus 
the light from the spectrometer will cause a varying current in the photomultiplier tube, and 
because its frequency will be a multiple of 50 cycles/sec 
amplifier rhe same will be true of phosphorescence provided that its 
or of the same order as, the time of alternation of the light source. Hut with phosphorescence 
of longer lifetime, viz., 10°! sec. or longer, the current produced in the photomultiplier tube will 
be steady and will be rejected by the amplifier. Consequently, when the spectrum is scanned, 
only fluorescence and short-lifetime phosphorescence is measured. We have modified the 
system by inserting a rotating shutter in the path of the light just before it enters the spectro 
meter, arranged so that the light emitted from the material under examination is chopped at a 
rate which is a multiple of 50 cycles/sec. (actually a shutter of 4 sectors rotating at 15600 r.p.m 
is used) so that the sum of the fluorescence and phosphorescence emissions is measured because 


eC Hecause 


, the signal will be accepted by the 
lifetime is shorter than, 


' Schmidt, Ann, P'ysik, 1896, 58, 103 

4 Jablonski, Nature, 1933, 181, 839; Z. Physik, 1935, 94, 38 

* Lewis and Kasha, /. Amer, Chem. Soc , 1944, 66, 2100 

* Lewis, Calvin, and Kasha, J. Chem. Phys., 1949, 17, 804 
Evans, Nature, 1955, 176, 777 

* Bowen and Brocklehurst, /., 1954, 3875. 
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all the emitted light is varying in intensity with a frequency which is a multiple of 50 cycles /se« 
by scaling up the intensities obtained in the determination in which the rotating shutter is used, 
to compensate for the masking effect of the shutter, and subtracting the resultant curve from 
that obtained in a determination in which no shutter is used, a phosphorescence spectrum is 
obtained (provided its lifetime is greater than 10™ sec.) 

»olutions,—The solvent used in all the measurements of emission spectra was a mixture of 
nol and methanol (5:1 v/v). The alcohols were purified by fractionation through a 40 
cm. column of glass helices. The concentrations of all the solutions were 10°*—10™m 

Accuvacy,--In the spectra, some of the bands, particularly the fluorescence bands, flatten 
near the maximum, there presumably being unresolved vibration structure in the band The 


maximum recorded is the intersection of the line joining the mid-points of the tie lines with the 
| 


envelope of the absorption curve. In successive determinations a reproducibility of +50 cm 
was obtained in the case of the fluorescence spectra, and 25 cm.~! in that of the 
phosphorescence spectra 

Preparation of Material Most of the compounds were prepared by standard procedure 
and recrystallised to constant m. p In particular, 2: 6-dimethyl-4-nitroaniline was prepared 
by Wepster method? N:N: 2; 6-Tetramethyl-4-nitroaniline appears not to have been made 
before. It was prepared by heating 2: 6-dimethyl-4-nitroaniline (4 g.) and methyl iodide 
5 ml.) with methanol (12 m1.) in a sealed tube at 130° for 12 hr. The product was extracted with 


cid, precipitated by addition of ammonia solution, and recrystallised from aqueous ethanol 
(l: 1 v/s Ihe colour was removed by elution from activated alumina by light petroleum 
b 60--80°); m. p. 68° (yield 30%) (Found: C, 62-2; H, 7-2; N, 14-2. C,.H,,O,N, require 
C, 61-8; H, 7-2; N, 144%) 
mission Absorption * 
v (phos.) v (fluor,) v 
(cm.~') em,~') cm! e lo? 

4-Nitroaniline .... , - - 19,400 * 27,010 ¢ 16-2°¢ 
2.-Methyl-4-nitroaniline ps , 19,150 26,390 4 17-44 
N-Methyl-4-nitroaniline 19,025 25,600 © 18-4 ° 
NN-Dimethyl-4-nitroaniline 18,975 21,450 25,600 * 19-0 * 
2: 6-Dimethyl-4-nitroaniline 18,950 26,700 14-2 

2-Dimethyl-4-nitroaniline 18, 925 25,840 15-3 
N:N: 2-Trimethyl-4-nitroaniline 18,800 20,050 27,100 10-1 
N;:N:2: 6-Tetramethyl-4-nitroaniline _..., ; 18,650 19,625 6,500 6 
3-Methyl-4-nitroaniline 27,030 12-8 
3: 5-Dimethyl-4-nitroaniline 25,800 0 
2.3%: 5: 6-Tetramethyl-4-nitroaniline 25,580 15 

i-thyl-4-nitroaniline . 19,025 

Diethyl-4-nitroaniline ‘ 18,875 20,775 
4-Nitroaniline 0.100 
6-Methyl-3-nitroaniline 19,150 
2.Methyl-3-nitroaniline . 19,025 
‘ Dimethyl-3-nitroaniline 8,875 
¥.Nitroaniline 19,725 
4-Methyl-2-nitroaniline 19,225 
4-Nitro-l-naphthylamine 17,300 
6-Nitro-2-naphthylamine 19,900 
4-Amino-4’-nitrodipheny! 19,150 


4:4 Dinitrodiphenyl 20,1257 


*Inethanol. * Lewisand Kasha *give1l9,300cm.'. ¢ Glotz, Bull, Soc. chim. France, 1934,1, 1148 
4 Morton and McGookin, /., 1934, 904. * Kumler, /. Amer. Chem. Soc 1946, 68, 1185. / Lewi 
and Kasha * give 20,200 cm! 


DISCUSSION 

In Lewis and Kasha’s 8 triplet state a pair of electrons has become uncoupled and have 
parallel spins. We may attempt to deduce structures for such states. In p-nitroaniline 
it seems likely that the uncoupled electrons will be disposed in such a way that there is a 
general accession of negative charge to the nitro-group and away from the amino-group 
Of the more obvious structures ([)—-(IV) we select tentatively (IV) as complying with thi 
requirement and also giving the best interpretation of our results. The stability of such a 
structure could be modified by substituents which alter the electron density within the 
benzene ring or which by steric interference with the nitro-group increase its energy by 


disturbing the planarity requirements for resonance of the nitro-group with the ring. The 
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steric interference of the methyl groups ortho to the nitro-group is apparently sufficient to 
disallow phosphorescence of longer than 10" sec. life; for example, 3-methyl-4-nitroaniline 
and 3: 5-dimethyl-4-nitroaniline do not phosphoresce under our conditions, Other 
evidence of steric interference between these groups may be found in the relatively low 
extinction coefficients of certain absorption bands of these compounds (see col. 5 of Table) 
This conclusion is also reached by Remington § and is supported by the work of Stewart ® 
who measured the heat of combustion of o-nitrotoluene and deduced that an energy of 
7-6 kcal. would be required to force the methy! and nitro-groups into the plane of the 
benzene ring. Similar steric prevention of planarity of a dimethylamino-group with the 
benzene ring should result from ortho-methyl groups. Klevens and Platt *° deduced that 
the dimethylamino-group in N : N : 2: 6-tetramethylaniline is twisted 90° out of the plane 


4 oan rl t 
h cog rr. 36 ' \ 70 
NH, —~< JENO, NH X€ NO, NH,=< ‘+N NH, =N 
. a — ) X- - of ; \e) \= a *< d 
(1) (II) (iit) (lv) 
The symbol A represents an uncoupled electron. 


of the benzene ring. From the absorption spectra (see Table), the extinction coefficients 
of N: N:2-trimethyl- and N: N: 2: 6-tetramethyl-4-nitroaniline are small compared 
with the extinction coefficient of NN-dimethyl-4-nitroanilne itself, giving a further 
indication of the steric effect. From the Table it will be seen that substitution ortho to 
the amino-group does not inhibit phosphorescence; this is to be expected, because in 
structure (IV) the amino-group is not conjugated with the ring, and interference with its 
rotation does not affect the planar resonance structure 

Apart from the steric effects, the alkyl groups substituted in any position will modify 
the energy of the structure by their inductive effects. The magnitude of the inductive 
effect may be expec ted to vary with the position of the group. Our results, however, show 
little more than that the phosphorescence frequencies and hence energies fall as more alkyl 
groups are introduced. Thus the phosphorescence energies decrease in the series : p-nitro 
aniline, and 2-methyl-, N-methyl-, NN-dimethyl-, 2: 6-dimethyl-, N : 2-dimethyl-, 
N:N: 2-trimethyl-, and N: N: 2: 6-tetramethyl-4-nitroaniline. 

No phosphorescence was observed with the o- or m-nitroanilines. In the case of 
m-nitroaniline no structure corresponding to (IV) can be drawn and in that of o-nitro 
aniline some ortho-effect may be operating. It is possible, of course, that the phosphor 
escence is too short-lived to be measured on our instrument, or alternatively, that there 
is 100°%, fluorescence so that the P state is not occupied 

4-Nitro-l-naphthylamine phosphoresces strongly. This compound may be regarded 
as 4-nitro-2 : 3-benzoaniline and it might be expected that the energy of the phosphor 
escent state would be lower than that of f-nitroaniline because of the increased conjugation 
rhis agrees with the experimentally determined value (17,300 cm.-') compared with that 
of p-nitroaniline (19,400 cm.~"), which is close to that obtained by Lewis and Kasha ® for 
5-nitro-l-naphthylamine (17,900 cm.-"). It is difficult to see why neither 6-nitro-2 
naphthylamine nor 4-amino-4’-nitrodipheny! phosphoresces, though it may be that all the 
energy of excitation is lost as fluorescence. It is interesting that 4: 4’-dinitrodipheny], 
which does not fluoresce, has a phosphorescence band at 20,125 em.', which is close to 
that obtained by Lewis and Kasha for nitrobenzene (21,100 em.) 

I luorescence.—In the p-nitroaniline series of compounds, only the NN-disubstituted 
compounds fluoresce. Lippert 1! has suggested that a decrease in the electron-repelling 
power of the amino-group in going from NMe, to NH, has the effect of increasing the 
frequency of the fluorescence emission band. He concludes that, for all the primary and 

* Remington, /. Amer. Chem. Soc., 1945, 67, 1838 

* Stewart, Phys. Rev, 1931, 38, 1372 

Klevens and Platt, J]. Amer. Chem. Soc., 1949, 71, 1714 

' Lippert, Z. phys. Chem. (Frankfurt), 1954, 2, 328 
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secondary f-nitroanilines, the energy of excitation will be greater than the bond energy, 
) that dissociation of the carbon-nitrogen bond occurs; hence there is no fluorescence. 
For solutions in dimethylformamide, this dissociation would appear to occur at about 
20,000 cm.-*, In the mixed alcohol solvent used in the present work a rather higher limit 
would be indicated, as compounds with a fluorescence band at 21,450 cm.-! have been 
measured, An alternative explanation, which appears to be less satisfactory, is that the 
primary and secondary amines may associate by hydrogen bonding. It is known that 
hydrogen bonding can facilitate the degradation of electronic energy and so quench fluor- 
escence., Furthermore, there is evidence that in the solid state there is hydrogen bonding in 
the case of p-nitroaniline,” and in polar solvents between an amino-nitrogen atom and 
the solvent.* Such effects are, of course, not possible with the tertiary amines. However, 
it is difficult to see how this explanation could be applied to the fluorescence of 6-nitro-2- 
naphthylamine, 4-amino-4’-nitrodiphenyl, or the primary o- and m-nitroanilines. 


The authors are most grateful to Dr. E. J. Bowen, F.R.S., for the use of the apparatus 
referred to above, and for his helpful discussions. 
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951. Infrared Spectra of Natural Products, Part V1I.* The Charac- 
terization of Equatorial and Awial 3-Hydroxyl Growps in Triter- 
penoids, 

Ky (Mrss) I. L. Attsop, A. R. H. Core, D. E. Waite, and R. L. S. Witirx. 


A significant difference in the stretching frequency of equatorial (3629 
$630 cm.) and axial (3637--3639 cm.) 3-hydroxyl groups in triterpenoids 
is described, and used to determine the configuration of a hydroxyl group in 
1 new compound. Bands in the 950-1200 cm.“ region are correlated with 
the stereochemistry of the 3-hydroxy-triterpenoids and their acetates. The 
intense band near 1240 cm.“ in the acetate spectra is ‘‘ simple ’’ both for 
equatorial and axial groups, in contrast to the steroids, where axial acetates 
give a complex system of bands between 1220 and 1260 cm.~. 


lux correlation of infrared absorption frequencies with equatorial or axial orientation of 
hydroxyl and acetoxyl groups in steroids and simpler cyclic compounds ** has provided 
a simple method of determining the orientation of these groups in new compounds or in 
those whose stereochemistry has not previously been fully elucidated." The present 
paper extends these measurements to the tetracyclic and pentacyclic triterpenoids, and 
draws special attention to the stretching frequencies of the hydroxyl groups. 

Hydroxyl Compounds.—In the steroids and decalols, equatorial hydroxyl groups ar 
characterized by a strong band near 1040 cm.~, and axial groups by absorption at some 
what lower frequencies (1000-1034 cm.~'), This absorption is due to a stretching vibration 
of the C-O bond, and the difference in frequency is attributed *.* to a difference in the 


Part V, J., 1956, 1007 


Rosenkrantz, Milhorat, and Farber, /. Biol. Chem., 1052, 196, 509 
Cole, Jones, and Dobriner, /. Amer, Chem. Soc., 1952, 74, 5571 
First, Kuhn, Scotoni, and Ginthard, Helv. Chim. Acta, 1952, 35, 951 
‘ Rosenkrantz and Skogstrom, ]. Amer. Chem, Soc., 1955, 77, 2237 
Dauben, Holger, and Freeman, ibid., 1952, 74, 5206 
Hirechmann, tbid., 1952, 74, 5357 
Rosenkrantz and Zablow, tbid., 1953, 75, 903 
Jones and Herling, ibid., 1956, 78, 1152 
* Cole, Fortschr. Chem. org. Naturstoffe, 1956, 138, | 
” Cole, J., 1952, 4969. 
'! Aebi, Barton, and Lindsay, Chem. and Ind., 1953, 748 
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direction of motion of the carbon atom relative to the cyclohexane ring, with a lowe: 
restoring force in the axial compounds. The steroid measurements covered a number of 
different systems in which the A/B ring junction is cis (testane and lumistane series) and 
trans (androstane series), but the compounds available for this study of the triterpenoids 
all have the trans a/B ring junction. Hence the 3a-hydroxyl groups are axial and the 
36-equatorial, 

The frequencies and peak intensities of the hydroxyl stretching band and the intense 
peaks between 950 and 1070 cm.-! for six epimeric pairs of 3-hydroxy-triterpenoids are 
given in Table 1 and typical examples of the spectra are shown in the Figure. 


TABLE 1. Frequencies (cm.-') and peak intensities (in parentheses) of (i) the OH stretching 
band (in carbon tetrachloride) and (ii) the intense bands in the range 950-1070 cm.“ (in 


carbon disulphide) for 3a- and 38-hydroxy-triterpeniods. 


Equatorial 


(it) 
(1) r A ; 

Cr OR SGE LPAERVEEED casccctvcrccscevccscccovsssncccees , 3630 (48 1042 (129), 1026 (129), 993 (133) 
Olean-12-en-38-ol (B-amyrin) ........ shbsaneas shoes 3629 (49 1042 * 1029 (120), 996 (104) 
Lup-20(29)-en-38-ol (lupeol) ....... eS , 3630 (51 1040 (131), 1013 (90), 083 (80) 
Methyl 38-hydroxylup-20(29)-en-28-oate (methyl betulate) 3629 (54 1042 (163), 1031 (138), 983 (138) 

” 
9 : 19-cycloLanost-24-en-3-ol (cycloartenol) sas 3630 (66) 1045 (98) 1008 {101 }989 (87) 
Lanost-8-en-3f-ol (dihydrolanosterol) ........ eabeds 3630 (51 1025 (233 

Axial 
Urs-12-en-3a-ol (epi-a-amyTin) —.... ee peeeevees are 3638 1068 (106), 1057 (80), 990 (119) 
Olean-12-en-3a-0l (epi-B-aAMYTID) oo... -cececccereeeeereeeeeeess BOSB (60) 1060 (118) 992 (03) 
Lup-20(29)-en-3a-ol (epilupeol)  ........:csceceeesseeeeseers 3639 (61 1065 (138) O88 (140) 
Methyl] 3a-hydroxylup-20(29)-en-28-oate .. : — 3637 (60 1066 (100) 989 (182) 
9: 19-cycloLanost-24-en-3a-Ol .......c.s.se0e0e oevnneveds 3638 (56) 1065 (07), 1047 (97), 969 (93) 
Lanost-8-en-3a-0l  ......seeeees pocinscacapesensetoueses scccceses S008 (16 1063 (91) 975 (91) 
* Weak band on side of 1029 cm peak 


Hydroxyl stretching frequencies. Careful measurements of the hydroxyl absorption 
band indicate that axial groups absorb at a higher frequency (3637-3639 cm.-!) than 
equatorial groups (3629—3630 cm.-'). The difference in frequency is small, but is easily 
detectable when a calcium fluoride or lithium fluoride prism is used in a spectrometer 
equipped with a thermostat to eliminate changes in prism dispersion, and in single-beam 
instruments the weak water-vapour spectrum in the background provides a very useful 
internal calibration. There is virtually no variation of frequency among the six compounds 
of each type, and this information should prove useful in determining the orientation of 
3-hydroxyl groups in new triterpenoids. No similar measurements have been reported 
on steroids or simpler cyclohexane compounds. The difference is not quite so marked in 
the menthols,™ but in these, too, the axial frequency (3632 cm.-') is higher than the 
equatorial (3627-3628 cm.~'). 

rhe hydroxyl apparent molar extinction coefficient '*"* [¢ (L/cl) logy, (/9/7)} has a 
peak value of approximately 50. This figure can be used for determining the number of 
hydroxy! groups in an unknown compound, but it should be remembered that maximum 
extinction coefficients are only additive when the groups absorb at exactly the same 
frequency and for best results absorption areas should be used. The solutions used in this 
work were all sufficiently dilute to prevent intermolecular hydrogen bonding. 

Bands in the C-O stretching region. The spectra in the range 950-—1070 cm. are 
somewhat more complex than those of 3-epimeric sterols. The equatorial 3-hydroxy 
triterpenoids usually have three intense bands, near 1040, 1025, and 990 cm.~1, although 
lanost-8-en-36-ol resembles the sterols in having only one intense band in this region 
(1025 cm.-4). cycloArtenol and cycloartanol have an additional band at 1004 and 1012 cm."!, 
respectively. With inversion to the axial configuration the band near 990 cm.~! remains 

* Cole and Jefferies, /., 1956, 4391. 


* Ramsay, /. Amer. Chem. Soc., 1952, 74, 72 
'* Smith and Creitz, /. Kes. Nat. Bur. Stand., 1951, 46, 145. 
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in the same position, but the other intense absorption moves to 1063-1069 cm.". Thus 
it appears that absorption at either 1025 or 1040 cm.~! (equatorial) and 1065 cm. (axial) 
must be identified as that due to the stretching of the C-O bond. This increase in frequency 
with change from equatorial to axial orientation is opposite to that found for the sterols 
and must be due to the presence of the gem-dimethyl group at C,,. Indeed, the increase 


fraved spectra of steveoisomeric 3-hydroxy- and 3-acetoxy-trilerpenoids (CS, solution NaCl prism, 
double-pass) The percent absorption scale applies only to the bands at 1243 cm 
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in complexity of the spectra in this region compared with those of the sterols is probably 
due to the increase in mass of this neighbouring centre which may lead to vibrational 
resonance. It is likely that the fairly intense band near 990 cm.~! is due to a C-C vibration 
involving this part of the molecule, since Jones, Katzenellenbogen, and Dobriner 15 have 
hown that in the spectra of the steroidal sapogenins all the intense bands in this region 
are due to vibrations of bonds near the oxygenated groups. 

For determination of the orientation of the 3-hydroxyl group in a triterpenoid the 
bands at 1065 cm.? (axial) and 1025--1040 cm. (equatorial) are sufficiently specific to 
leave little doubt rhis absorption lies in the range covered by the sodium chloride 
prism and, where only this prism is available, will be easier to measure than the difference 


Jone Katzenellenbogen, and Dobriner, ]. Amer. Chem. S$ , 1953, 75, 15s 
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in hydroxyl stretching absorption described above. Other oxygenated groups (e.g., 
acetates, see below) often cause fairly strong absorption in this region, but the results 
for methyl betulate and its C,,)-epimer indicate that the two types of hydroxyl orientation 
can be identified in the presence of a methyl ester group 

Acetates.—Table 2 gives the frequencies of the intense absorption bands of the epimeri 
acetates in the range 950—1250 cm.~, and typical spectra are shown in the Figure. 


ranLe 2. Frequencies (cm) and peak intensities (in parentheses) of the intense bands in 


the range 950-1250 cm.-! for 3a- and 38-acetoxy-triterpenoids (in carbon disulphide). 
The bands near 1240 cm. are all“ simple.” 


Equatorial 
Urs-12-en-38-yl acetate , pibaasissosabasane 1240 1023 (223), 1003 (136), 982 (138) 
Olean-12-en-3f-yl acetate Sete aS 2 1243 1025 (312), 1003 (166), 084 (166) 
Lup-20(29)-en-3f-yl acetate ....... 1243 1026 (196), L015 (157), 978 (200) 
Methyl 38-acetoxylup-20(29)-en-28-oate .. 1245 1025 (198), L009 (127), 978 (224) 
“a 4° 
9 : 19-cycloLanost-24-en-3f-yl acetate ......... 1243 { a9 i182) } 077 (124) 


Lanost-8-en-3f-yl acetate. eer oer 1243 1024 (220), 1009 (162), 979 (124) 


Axial 
. , a. iat 7c " f 1052 (105) \ 
Urs-12-en-3a-yl acetate... F ‘ ; 1243 1174 (1034 (110) 5 
Olean-12-en-3a-yl acetate... Be 24 ] 3! 1035 (128), 1016 (121), 986 (123 
Lup-20(29)-en-3a-yl acetate . ae 24: (13: 1033 (160), 1012 (131), O81 (165) 
Methyl 3a-acetoxylup-20(29)-en-28-oate .... 24! . 1033 (156), 1014 (146), 982 (238) 


1016 (120), O88 (170) 


Lanost-24-en-3a-yl acetate . : 24: : j 1040 (216), 1016 (104), 074 (113) 
St-8-en-Za-yl acetate — ......ccceseeeees des 24 7$ f 1035 (151), 1012 (133), 964 (133) 


Absorption near 1240 cm'. The absorption due to one of the C—O stretching vibrations 
of the acetate group lies near 1240 cm.-'. In acetoxy-steroids with the acetoxy-group 
in ring A **.18 this band is usually single and symmetrical for equatorial groups (“ simple "’) 
while the absorption due to axial groups consists of a system of two or three peaks between 
1220 and 1260 cm.-' (“ complex’’). An exception to this scheme is cholestan-4a-yl 
acetate * which exhibits complex absorption (1236 and 1247 cm.-') 

All the 3-acetoxy-triterpenoids examined exhibit ‘‘ simple "’ absorption at 1240-1245 
cm.! regardless of configuration. The lack of complexity of the spectra of the axial 
group must be attributed to the presence of the (;,-gem-dimethyl group since this is the 
only point of difference between the triterpenoids and steroids in this part of the molecule 
Intensity studies at different temperatures led Jones et al.'® to suggest that the ‘‘ complex "’ 
spectra may be due to the presence of rotational isomers. The Cy)-methyl groups should 
not interfere with rotation about the single bonds of the acetate group since they are 
oriented in different directions (I) and the explanation of the ‘‘ complex " absorption of 
the axial acetoxy-steroids may lie in vibrational resonance rather than rotational isomerism 
Such resonance could be upset by the increased mass of the ¢ (4) centre 
in triterpenoids. 

The axial acetates have a fairly intense band (« ~ 130) near 1180 
cm. while none of the equatorial acetates has bands with e >60 at 
this position. This band is too far away from the peak at 1240 cm.! 
to be looked upon as a component of a “ complex’ system, but 
should be useful in conjunction with the other spectral regions in de 
termining orientation. With ¢fi-cycloartenyl acetate this absorption 
is split into two bands of equal intensity (« = 95) at 1175 and 1195 
cm.*, Very strong absorption in this region by the methyl ester group interfered with 
observation of this band in the spectrum of methyl 3a-acetoxy-lup-20(29)-en-28-oate, 
although the absorption of the axial compound at 1180 cm.~' is more intense than that of 
the equatorial, 

Absorption near 1000 cm.*. Acetates also have fairly intense absorption in the region 

ss ] Humphries, Herling, and Dobriner, /. Amer i ¢., 19061, 73, 3216 


(1) 
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960-1040 cm.-* which varies systematically according to the orientation of the group. 
Equatorial triterpenoid acetates are characterized by a band at 1024—1025 cm.!, to be 
1033-1035 cm.-! with the axial compound. The shift of this frequency to a 

for the axial compounds parallels the absorption of the hydroxyl compounds 
described above, and is again opposite to that described for the steroids.4.* Other strong 
bands are present at 1003-1016 and 964—988 cm.*' but the frequencies of these are not 
clearly related to the stereochemistry. 


i 


lable 3 summarizes data useful for determining the orientation of 3-hydroxy! groups in 


found at 


higher 


e) 


triterpenoid 


PARLE 3 ummary of band frequencies (cm. ) which are characteristic of equatorial and 
axial hydroxyl and acetoxyl groups at position 3 in triterpenoids. 
Hydroxyl groups Acetoxyl groups 
Equatorial 3629-——3630,* 1013-—-1031,1 1040-—1045 1 1023—1026 + 
A 3637-—3639,* 1063-1068 TF 1174—~-1183,+ 1033-~1040 + 


* Carbon tetrachloride solution Y Carbon disulphide solution 

rhe 3-hydroxyl group of dimethy! melaleucate 7 absorbs at 3629 cm."?, 
Cyyepimer obtained by oxidation to the ketone and reduction with 
1, This indicates that the hydroxyl group 


i pplication 
while that of its 
aluminium isopropoxide absorbs at 3636 crn. 
the natural product has the $ (or equatorial) configuration. The fairly strong absorption 
two methoxycarbonyl groups makes observations in the range L000—-1070 cm.-! 
trongly near 1040 cm.~! and it 


it} 
ol the 
rather uncertain, but methyl melaleucate absorbs more 


Cry-epimer more strongly near 1065 cm. which is in accord with Table 1. 
EXPERIMENTAL 
»olutions in carbon tetra 


[he infrared spectrometer has been described previously.” 
f the hydroxyl stretching 


chloride (3-mm. cell; CaF, prism) were used for measurement 
cy and solutions in carbon disulphide (1-3 mm. cell; NaCl prism) for measurements in 
050-1250 cm.!. Frequencies are accurate to 1 cm.' throughout the regions 


the region 
itudied, and intensity measurements to 45%. The effective slit widths at 3630, 1240, and 


1000 cm.~! are respectively 6, 4, and 3 cm.", 

Kotations were observed in chloroform solution in 1 dm. tube 
to the fraction, b. p. 40—60°, B.D.H. alumina was used for chromatography after being 
Analyses are by Dr. K. Zimmermann, 


frequen 


Light petroleum refers 


neutralized with nitric acid, washed and standardized.” 
Melbourne, on samples dried at 100°/0-1 mm. for at least 24 hr 
in evacuated capillaries and are corrected. 

Urs-12-en-3«-ol (epi-a-Amyrin) Urs-12-en-3-one (a-amyrenone) 
5 g.) in dry propan-2-ol (25 ml.). 
4 hr.), the volume being maintained 
was removed in vacuo and tlhe 


Melting points were determined 


(2-0 g.) was added to a 
olution of aluminium isopropoxide (2 The mixture was 
distilled slowly until the distillate was free from acetone (ca 


adding propan-2-ol when necessary. Finally the solvent 


idue washed with dilute hydrochloric acid, 5% sodium hydrogen carbonate solution, and 


water Urs-12-en-3a-ol (0-54 g.; m. p. 134--137°) was obtained from the crude product in 


tions 8—13 (200 ml. each) on elution from alumina (50 g.; activity Il) by light petroleum 
aflorded fine needles, m. p. 138 


7 
y 


benzene (9:1). Crystallization from aqueous acetone 
t\y + 75° (c, 0-98) (Found; C, 84-3; H, 11-9. C,,H,,O requires C, 84-4; H, 118%) Treat 
with acetic anhydride and pyridine afforded urs-12-en-3a-yl acetate, m. p. 135°, |«!, +40 
‘) 72 w 

m. p. 186° (from ethanol), 


from fractions 21-23 (0-44 g.) of the chromatogram a-amyri p 


is obtaimed 
Lup-20(29)-en-3a-ol (epiLupeol) Lup-20(29)-en-3-one was prepared by oxidation of lupeol 
vith &N-chromium trioxide in acetone,™ and on reduction and chromatography as described 
ibove atiorded lup-20(29)-en-3a-ol in fractions 2—6 eluted by benzene (each 50 ml.) It formed 
C, $46; H, 12-1. C,H,,O 


risms, m. p, 202-5°, [a], +-15° (c, 0-94), from acetone (ound 


Arthur, Cole, Thieberg, and White, Chem. and Ind., 1956, 926. 
* Cole and Thornton, /., 1956, 1007 
* Drockmann and Schodder, Ber., 1941, 74, 73 
>) i, Jeger, and Ruzicka, Helv. Chim. Acta, 1946, 29, 442 

( tis, Heilbron, Jones, and Woods, J., 1953, 457 
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requires C, 84-4; H, 11-8%). The acetate, m. p. 163”, {a}, l° (c, 0 99), formed plates from 
ether—methanol (Found: C, 81-7; H, 11-3. C,,H,,O, requires C, 82-0; H, 11-2%). 

From fractions 14—-2], lupeol, m. p, 215°, [a], + 29°, was obtained. 

Methyl 3a-Hydroxylup-20(29)-en-28-oate.—-Methyl betulonate (prepared with chromium tr 
oxide in acetone **) was reduced and chromatographed as above and afforded, in fractions 8—14 
eluted from alumina (activity I11) with light petroleum--benzene (1: 1), methyl 3a-hydroxylut 


20(29)-en-28-oale which formed needles, m, p. 225-5", [a], 13° (c, 0-97), from methanol (Found : 
C, 79-0; H, 10-8. C,y,H,,O, requires C, 79-15; H, 10-6% With acetic anhydride and pyridine 
this afforded methyl 3a-acetoxylup-20(29)-en-28-oate which formed needles, m, p. 227°, [a], —24° 
(c, 0-92), from aqueous methanol (Found: C, 77:3; H, 10-2. Cy,H,,O, requires C, 77-3; 
H, 10-2% 


From fractions 23-29 of the chromatography methyl] betulate, m. p. 228°, [a], + 5°, was 
obtained 

9: 19-cyclola t-24-en-3a-ol cycloArtenone wa reduced by the procedure described 
ibove and afforded 9: 19-cyclolanost-24-en-3a-ol, in fractions 6—9 eluted with benzene (each 
50 ml.) from alumina (activity II). It formed needles, m. p. 84°, [a], + 39° (c¢, 0-98), from 
methanol (Found C, 84-6; H, 11-9. C,,H,,O requires C, 84:4; H, 11-8%) With acetic 
anhydride and pyridine it afforded 9 : 19-cyclolanost-24-en-3a-yl acetate, m. p. 123°, [a], 4+.5-5” 
(c, 0-9), which formed prisms from chloroform—methanol (Found: C, 82-2; H, 113. C,y,H,,0, 
requires C, 82-0; H, 1] 2%). 

From fractions 13-15, cycloartenol, m. p. 115°, was obtained. 


Lanost-8-en-3a-o0l.—Reduction of lanost-8-en-3-one as described above afforded lanost-8 
en-3a-ol, in fractions 6—13 eluted with light petroleum—benzene from alumina (activity I1) 
It formed minute prisms, m. p, 139°, [a], -+-49° (c, 0-93), from acetone-methanol, and yielded 
an acetate, m. p. 167-5°, [a]) —1° (¢, 0-96) (in good agree it with Marker and Wittle * 

Ihe infrared spectrometer was purchased through a generous grant from the Nutlield 
Foundation, to whom one of us (A. R. H.C.) is indebted for a Fellowship. We thank Professor 
D. H. R, Barton, Dr. W. Klyne, Dr. H. J. Rodda, Dr. Rk. G, Curtis, and Dr. R. M, Gascoigne 


who supplied some of the compounds used and Professor G. L. Adamson for a generous gift 
of Manila elemi resir 
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952. Nucleotides, Part XXXIX.*  5'-Deoxy-5'-iodo-O* ; 2’ 
cyclouridine : an X-Ray Crystallographic Study. 


By D. M. Brown, W. Cocuran, E. H. Mepiin, 
and S. VARADARAJAN 
[he structure of O* : 2’-cyclouridine! is confirmed by an X-ray crystallo 
raphic examination of its 5’-deoxy-5’-iodo-derivative, prepared by the action 
of methanolic ammonia on 5’-deoxy-5’-iodo-2’-O-toluene-p-sulphonyluridine 
lodocyclouridine and O*; 2’-cyclouridine are related by conversion into 


3-6-p-arabofuranosyluracil. 


IN earlier experiments ! related to the orientation of the phosphate residue in uridylic 
acids a and 6, uridine-5’ acetate and a uridine-x : 5’ diacetate were converted into mono 
toluene-p-sulphonyl derivatives. On attempted deacetylation with methanolic ammonia 
both toluene-p-sulphonyl derivatives were converted into an anhydrouridine. The 
product was formulated as a cyclouridine since it was similar to other known eyclonucleo 


ides in its properties,?.4.4 and structure (II; R OH) was assigned to it on the ground 
! I b E 
of quantitative acid hydrolysis into 3-6-p-arabofuranosyluracil, shown to be identical with 


quae i 

* Part XXXVIII, J., 1956, 3459 

' Brown, Todd, and Varadarajan, /., 1956, 2388 

* Clark, Todd, and Zussman, /., 1961, 2952 
Michelson and Todd, /., 1965, 816 

* Brown, Todd, and Varadarajan, following paper. 
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the naturally occurring nucleoside spongouridine.* The original toluene-p-sulphony! 
derivatives were therefore formulated as the 2’-isomers 


O 
Yr | ! 
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aed HR ' 2 
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N N 
fl FO ‘] 
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Confirmation of the position of the new ring in (II; R = OH) was sought by X-ray 
crystallography. To facilitate this, compounds related to (Il; R OH) carrying heavy 


bic. la. Electron density projected on (010). Light atom contours at 2eA-* intervals, with the first 
contour at 0'1beA-*, Jodine contours are drawn at 10, 20, 40, 60 80, 90eA~* 


$ 


@) 
itoms were prepared. 2’: 3’-O-1soPropylideneuridine ® was converted through th 
5'-O-toluene-p-sulphonyl- and 5’-bromo-5’-deoxy-derivative into 65’-bromo-5’-deox,y 
uridine This yielded the 2’-toluene-p-sulphonyl derivative (I; R Br) which wa 


Bergmann and Burke, ]. Org. Chem., 1955, 20, 1501 
Levene and Tipson, /, Biol. Chem., 1934, 106, 113 
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converted into the bromo-compound (II; R Br) by methanolic ammonia. By a similar 
series of reactions (II; R =I) was prepared. The bromo- and iodo-cyelonucleosides 
were both closely similar to 0? : 2’-cyclouridine (II; R OH) in their ultraviolet spectra 
and infrared absorption in the carbonyl region.\* The iodo-compound (IL; R = 1) was 
more amenable to crystallographic analysis and its structural relation to (Il; R = OH) 
was established by conversion into spongouridine by acid hydrolysis followed by treatment 
with aqueous silver acetate and acetic acid.* 

Direct evidence for structure (II; R = I) is provided by the results of X-ray crystallo- 
graphic examination. Oscillation and Weissenberg photographs gave the following 
information about the unit cell: a = 9-96, b = 5-61, c 10-02 A, B= 93° 0’; space 
group P2,. Fig. la shows the electron-density projection on (010) with the asymmetric 
unit superimposed, and Fig. 1b the molecular appearance. The reliability index for this 
projection is 115%. The new ring is shown to be formed between O* and Cg, 
and supporting evidence is given by the deviation of the glycosidic linkage from the 
direction N*-Cy). In addition, the puckering of the furanose ring brings Cy, out of the 
plane on the side opposite to the Cy,-O* bond. The bonds Cy -O and Cy~N® are in the 
expected trans-relation. It is clear that inversion at C;,,, to the arabo-configuration occurs 
during formation of the cyclonucleoside. It follows from the chemical relation established 
that the parent cyclonucleoside ? is correctly described as O* : 2’-cyclouridine (Il; R = OH). 

Generalised projections are being used to establish in greater detail the stereochemistry 
of (II; R = J) and intermolecular bonds and contact: 


EXPERIMENTAL 
5’-Deoxy-5'-todo-2’-O-toluene-p-sulphonyluridine.—-Toluene-p-sulphony] chloride (0-59 g.; 1-1 
mol.) was added to a solution of 5’-deoxy-5’-iodouridine * (1-0 g.) in dry pyridine (20 c.c.) 
After 15 hr. at room temperature the mixture was added to cold water (150 c.c.), and the sticky 
red product washed with water by decantation. Trituration with ethanol gave the colourless 
toluene-p-sulphonyl derivative as fine needles (0-32 g.) (from ethanol), m, p, 168--169° (Found 
C, 37-8; H, 3-4; N, 5-7. C,gH,,O,N,IS requires C, 37-8; H, 3-9; N, 55%). Light absorption 


in 95% EtOH = Aga, 259, 227 my (¢ 9280, 13,900); A, 243, 215 my (e 6430, 11,800) 
5'-Deoxy-5'-todo-O* ; 2’-cyclouridine._-The toluenesulphonate (0-6 g.) in methanol (300 c.c.) 


was treated with an equal volume of saturated methanolic ammonia, After 12 hr, solvent was 
removed, the residue triturated with ethanol (5 c.c.), and undissolved ammonium toluene-p 
sulphonate filtered off. The filtrate was evaporated and the residue purified by counter-current 
distribution, the ethyl acetate-water system (20-5 c.c. phase; 100 transfers) being used, The 
contents of tubes 8—-24 were mixed and evaporated to dryness and the crystalline residue was 
recrystallised from 95%, ethanol. 5/’-Deoxy-5’-iodo-O*; 2’-cyclouridine separated in rods 
(0-1 g), m. p. 194—-195° (decomp.) (Found: C, 33-7; H, 3:2; N, 86; I, 369. C,H,O,N,I 
requires C, 32:2; H, 2:7; N, 8-3; I, 37-7%). Light absorption in water; 4,,,, 249, 225 my 
¢ 8690, 8400); Ani, 235, 210 my (e 7320, 4890). Infrared absorption bands in the carbony! 
region were at 1613 and 1660 cm."'. 

3-B-p-Arabofuranosyluracil (Spongouridine).—A solution of 5’-deoxy-5’-iodo-O* ; 2’-cyclo- 
uridine (0-25 g.) in 0-1N-sulphuric acid (15 c.c.) was heated at 100° for 1 hr., then cooled and 
passed through a column (10 x 1-5 in.) of Amberlite IR-4B resin (OH form), The column was 
washed with distilled water (450 c.c.) and percolate and washings were evaporated to dryness 
under reduced pressure. The residue of 5’-deoxy-5’-iodospongouridine was heated at 100° 
with silver acetate (1-0 g.) in water (35c.c.) for 15 min. After filtration through Hyflo Supercel, 
acetic acid (15 c.c.) was added, and the solution was heated at 100° for a further 16 min, and 
cooled. Silver ions were removed by hydrogen sulphide and, after being filtered through 
Supercel, the solution was evaporated. Crystallisation of the residue from dry methanol gave 
spongouridine (63 mg.) as prisms, m. p, 220-—-221° alone or in admixture with an authentic 
specimen.! 

5’-Bromo-5’-deoxy-2’ : 3’-O-isopropylideneuridine 4 solution of 2’; 3’-O-tsopropylidene 
5’-O-toluene-p-sulphonyluridine * (8-5 g.) and anhydrous lithium bromide (10 g.) in dry acetone 
(120 c.c.) was heated for 2 hr. at 100° in an autoclave lhe solvent was removed, water added 
to the residue, and the insoluble bromo-compound collected. It formed rectangular rods 
(6-0 g.), m. p. 184-—186°, from ethanol (charcoal) (Found: C, 42:3; H, 45; N, &4; Br, 23-3 
C.4H,,0O,N,Br requires C, 41-5; H, 44; N, 8-1; Br, 23-0%). 
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5’-Bromo-5’-deoxyuridine.—-The isopropylidene derivative (1:46 g.) was dissolved in 
anhydrous formic acid (20 ¢.c.) and after 3 hr. at room temperature the solution was evaporated 
to dryne Ethanol (35 c.c.) was added and distilled off under reduced pressure to remove 
last traces of formic acid, 6’-Bromo-5’-deoxwyuridine separated from ethanol in needles or thin 
plates (0-83 g.), m. p. 182-—184° (Found: C, 35-7; H, 3-9; N, 90. C,H,,O,N,Br requires 
C, 36-2; H, 3-6; N, 0-1%). 
5’- Bromo-b’-deoxy-2’-O-toluene-p-sulphonyluridine.—5’-Bromo-5’-deoxyuridine (3-7 g.) and 
( Jhonyl chloride (2-3 g.; 1-1 mol.) were dissolved in dry pyridine (25 c.c.), and 
the solution was set aside overnight. When this was added to water (250 c.c.) a gum separated. 
rrituration with methanol gave a solid (2-7 g.) which was then crystallised from methanol. The 
2’--toluene-p-sulphonyl derivative formed thick plates, m. p. 162—163° (Found: C, 42.4; 
1,38; N,@1. C,,H,,0O,N,BrS requires C, 41-7; H, 3-7; N, 6-1%) 
5’-Bromo-5'-deoxy-O* ; 2’-cyclouridine.—6’- Bromo-5’-deoxy -2’-O0-toluene - p - sulphonyluridine 
v dissolved in half-saturated methanolic ammonia (200 c.c.). After 12 hr. the 
evaporated to dryness and the residue treated with cold ethanol (10 c.c.) 
The residue 


{ su) 


olution Via 

Ammonium toluene-p-sulphonate was filtered off and the filtrate was evaporated 
irified by counter-current distribution (20-6 c.c. phase; 100 transfers), the ethyl acetate 
tem being used, The contents of tubes 6—16 were pooled and evaporated, and the 

is crystallised from ethanol. 5’-Bromo-5'-deoxy-O* : 2’-cyclouridine formed pale 

it prisms (0-53 g.), m. p. 185-—-186° (Found: C, 38-1; H, 3-1; N,97. C,H,O,N,Br 

37-4; H, 31; N, 97%). Light absorption in water: 4,,,,. 247, 225 my (e 7940, 


238, 210 my (e 7600, 6070). Infrared absorption bands in the carbonyl region were 


vas Pp 


1662 cm. 
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953. The Kquilibrium in the System: Water-6-Hexanolactam 
(e-Caprolactam). 
By A. B. Mecey. 


.quations are calculated for the activity coefficients of water and polymer 
in the system water-6-hexanolactam, The equations are expressed in 
terms of the apparent equilibrium constants and the mol. fractions of water 
and lactam, and can be evaluated from published data. Irom the values 
obtained a composition-temperature diagram for the system can 

tructed, showing lines of equal degree of polymerization, of equal partial 
ire of water, and of equal lactam content, from 200° to 300°, 


be con 


pressi 
IN a previous paper? the polymerization of 6-hexanolactam (e-caprolactam) to a linear 


polyamide was discussed. Recent publications *! provide experimental material for a 


fresh analysis of the problem, 
In the presence of water or of alkali metals or their hydroxides, 6-hexanolactam (1) 
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polymerizes to a linear polyamide (II) of 6-aminohexanoic acid. The molten polymer 
can be spun into fibres (called nylon-6). In the technical process water is the effective 
catalyst.’ 


(CH), _ +0 , , 
I) n NH ~=———— H-(NH{CH,],,CO).OH (II 
xe) H,O 


[he degree of polymerization of the polymer is determined by the equilibrium ; 


x-mer +- y-mer == (x -+ y)-mer -+- H,O 
K, = (H,O)([% +- y)}-mer) /(x-mer)(y-mer) oe i . a 


The polymerization does not go to completion; 5-— 10°, of the lactam remains in the 
equilibrium mixture. The lactam may be regarded as being in equilibrium with 6-amino- 
hexanoic acid and water : 


Ky = (lactam)(H,O)/(6-aminohexanoic acid) 
Lactam is also in equilibrium with polymer : 


lactam +- x-mer (x + l)-mer 


Ky = ({% +- I]-mer) /(x-mer) (lactam) 


In order to develop these equations it is necessary to make two assumptions: (a) In eqn. (1), 
the value of A, at any temperature is the same for all values of x and y, including « or y l 
This is the principle of “ equal reactivity of all groups '’ postulated by Flory.'* If this 
principle applies, the mol. fraction of the x-mer in a polymer having a number average 
degree of polymerization n, is (1 — 1/n)*~1/n*. This expression has been tested experiment- 
ally, with satisfactory agreement, for poly-6-aminohexanoic acid * and for poly(hexa 
methyleneadipamide).® (5) In the presence of a diluent, if a, is the activity of the whole 
polymer, and m, is the mol. fraction of the x-mer in the polymer, then the activity of the 
x-mer is agm,. This is equivalent to assuming that the interaction between a diluent 
molecule and the polymer is independent of the length of the polymer chain. This might 
be expected to be valid for ranges where the length of the polymer chain was considerably 
greater than the “ segment ” of the chain which was equivalent to a diluent molecule under 
the Flory—Huggins lattice theory.1® It will be shown later that there is evidence that the 
size of the polymer “ segment ” in the system polyaminohexanoic acid-water is less than 
one repeating unit of the polymer, so that the above assumption may be expected to hold 
down to quite low degrees of polymerization. 

On the basis of these two assumptions it is possible to develop eqn. (1)—(3). Let the 
activity of water in the system be a,, that of the polymer be a,, that of lactam be ay, and 
the degr2e of polymerization be m. The activity of the x-mer is a,(I 1/n)*~*/n,; of the 
y-mer, a*(1 1/n)¥~*/n*; and of the (x -+- y)-mer a,(l L/n)*'¥'*/n*, Substituting 
in eqn. (1), we have ; 
K, ayn(n 1) /ay a) a (4) 


rhe mol. fraction of monomer (¥ = 1) in the polymer is 1 /) 
Ky = 4,a,n*/d, ; . (5) 
rhe ratio (x + 1)-mer/x-mer = (m — 1)/n. Hence 


K, = (n 1) /na, , —_— a 


Eqns. (4), (5), and (6) are not independent; by combining any two, the third is obtained : 
K, KK, 
Flory, Chem, Rev., 1946, 39, 174 


ww, J. Amer. Chem. Soc., 1947; 69, 638. 
lory, ’ Principles of Polymer Chemistry,” Cornell Uni 


Press, New York, 1953. 
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For the purposes of the phase rule, the system lactam-water may be regarded as a 

tem of two components, viz., water and the “ unit ’ ~NH-(CH,),,CO-. A system of 
two components in the presence of a liquid phase and a vapour phase has two degrees of 
freedom, temperature and composition. If the temperature and composition of the system 
are defined, all other properties of the system are defined, such as the activities a,, ay, ay, 
the proportions of unit mols. as polymer and lactam, the degree of polymerization of the 
polymer, the proportion of free water and of water bound as terminal groups of the polymer, 
and the partial pressures of water and lactam in the vapour phase 

[he composition may be defined conveniently as follows 


(mols. of water)/(mols. of water +- mols. of unit) 
(mols, of unit as polymer) /(mols. of water + mols, of unit) 


(mols. of unit as lactam) /(mols. of water mols. of unit) 
N, +Ngt+Ng=1 » tt 

Mols. of water "’ includes both free water and water bound as terminal groups of the 
polymer, In the present treatment the cyclic dimers, trimers, and tetramers are included 
in the polymer 

Other systems could be used to define the composition lree water '’ could be used 
instead of total water: * * * * for this one requires to know the degree of polymerization 
of the polymer. Or “ moles./litre ’’ of the components, requiring a knowledge of the 
density.” ‘ Moles./kilogramme "’ has also been employed. None of these offers any 
advantage. It would certainly be convenient if methods for defining the composition 
could be found for which N, = a,, Ng = a), and Ng = a3; but none of the other possibili 
ties does this, and in view of the complexity of the system it is impossible to derive such a 
ystem theoretically. Deviations from ideal behaviour are to be expected on the following 
grounds: (1) a heat of mixing arising from the interaction of water with -CO*-NH-— groups; 
(2) a Debye-Hiickel effect, arising from the change in the concentration of ~CO,~ and 


NH,* groups, and of the dielectric constant, with composition; and (3) an abnormal 
entropy of mixing, such as is always found in polymer-solvent systems 
Krom the Gibbs -Duhem equation, we have : 


y,(2 | , v,(° In ag) : Nn, 0 In a, \ 

ON, 1 - ON, 7 \ ON, i 

krom eqn. (6), by taking logarithms and differentiating with respect to N,, at constant 
temperature, and since (0 In Ky/0N,)7 = 0, we obtain 


d In az \ 0 
( aw) (sy. a * . ‘), 


/ 


substituting in eqn, (8) gives 


dina 0 In a, \ é \ 
\ Ne : N,( In 
( aN, }; al aN, ), Ay, *——), 
Krom eat 


jn. (4), by taking logarithms and differentiating with respect to N, « ynstant 
temperature, and since (é In K,/dN,)7 0, we derive 


(olna, dln ay ) he site 
ON, 1 ( ON, ), —— 
Hence 


d In a, \ ; a] oil 
(N, v,)( aN, ) v, aN, In n(n — 1) | N,{ 


0 


/7 


dln a, 0 
N, ’ N 
»( aN, ), (ay; In n(n I) 
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From these equations it is possible to calculate (@ In a,/0N,)r and (@ In a,/AN,), if 
\,, Ny, and » are known over the range from N, = Otol. But the equations are unsuitable 
for graphical integration, since as N, —® 0, In n(n 1) —p> 2; and as N,—el, 
In a(n 1) —» — ~, and Inn/(n — 1) —» + « 

Let an ‘ apparent equilibrium constant,” K,, be defined by 


K, 
0 
A. In n(n 1 | 
ON, 1 


Similarly, Ks 


( 7] n 
\ON, =» —1/); 


ViVi and dg veo, then : 


(0 ln a,/ON,)1 (In y,/ON,)r + 1/N, 


1 /@N, 
(0 In a,/ON,)r = (€ In y_/AN,); \ ( ay’) 
2 CG 1 


Combining eqns. (11) with (13), (14), and (15), and since, from (7), (dN 
(J ON,/0N,)r7, we find 


N, (0k, \ No om) 


R,\ON,]r Rs \ON, 
Combination of eqns. (12) with (13), (14), and (15) gives 


N ok N, dk,\ 
R, (an }, aN, ) r 


Check: from eqn (17) and (18) we have 


0 In y, \ (2 In 7 \ ( dk, 
ON, |r \ ON, \aN, / 


‘ 
i \ON,/7 


(4) and (4a), K,/R, Vilv¥qi Iny ¥, = Ink, In K, 


(oR \ (210 2) (OK, a9 

fag Y) 
aN, | ae ON, ): g, \ON,) 

Now In y, and In y, can be evaluated by graphical integration from eqns. (17) and (18), 
if the values of Ny, Ny, A,, and A, are known over the whole range from N, Otol 
[he integration constants will depend upon the standard states selected for water and 
polymer 

The necessary data can be obtained from recent publications.*.**!%1215 Tf W, is 
the number of moles of water per mole of lactam in the initial reaction mixture, and W, is 
the weight fraction of lactam in the mixture (polymer lactam) at equilibrium, it is found 
empirically that W, varies linearly with W,. We have 

At 221-5 W, = 0-059 + 0-035W, (20) 

W, = 0-076 OO4ZW, 


: (1 — W,)/(1 + W) 
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The activity of a solvent in a polymer-solvent system can usually be evaluated, in the 
region of high concentration, by regarding the system as a mixture of solvent molecules 
and egments "' of the polymer which act as independent molecules. The activity of 

then proportional to the mol. fraction as given by (mols. of solvent) /(mols. 
vent mols, of ‘ segments *’) 
(20) and (21) may be written in the form : 


W, = 0-059(1 + W,/1-69) . (20a) 


| 


From ean. (20a), the addition of 1-69 mols. of water to the polymer-lactam mixture when 
) ) . 

VV 0 will double W,, the mols. of lactam. From eqn. (6), the activity of lactam, ag, 

’ 3 J 3 

is constant, except in so far a (n J})/n varies from unity Therefore, the addition of 


TABLE 


WOb9 O04) 0 
O61 Oos9 0-0476 
0-063 0-037 00-0909 
0-066 0-034 

OO7%4 0-927 

OOO O20 

0-087 OOS 

0-094 0-906 

O-101 O8O9 

0-108 ORO? 

OLS O-MAS 

O-122 UST 

0-129 ORTI 


OOTb 0-024 

O78 Oey 0476 074 

0-080 O-920 0909 : O73 

0-084 OvVIG 167 76: O70 

O-OU3 Ovo] 9RO j O66 

OO! O-8UY $7! 56 063 

O1LiO O BOO ( O61 

O1L1s O-BK2 { ‘ O59 9-2 306 
O126 O74 bal bu 0-058 i> 356 
OS OOS : 36 056 376 
las O857 ) 3 O-O55 { 365 
O1lb2 0-848 30: O-O54 S64 
0-160 0-840 0-667 2 0-053 2 354 


vater has doubled the total number of mols. in the system, and the mixture of 
polymer and lactam from | mol. of lactam, at equilibrium, contains 1-69 (mols. +- segments). 
Of these, 0-059 are lactam, so that 0-04 mole of polymer contains 1-63 " segments,” and the 
egment weight ’ is 65, equal to 3-6 water molecules. From eqn. (21a) at 253-5", the 
egment is 0-63 of a unit and the segment weight 60, equal to 3-35 water molecules. A 
imilar calculation for the system thymol polyaminohexanoic acid 1° gave a value of 2-3 
for the rati segment weight "’/molecular weight of diluent, constant from 200° to 275”. 
A polymer chain of 6 units would consist of 10 segments with respect to water; there- 
fore, even at this low degree of polymerization one might expect interaction between 
polymer chains and water molecules to be independent of chain length, and the same as 
for higher degrees of polymerization 
In Table 1 are given experimental values for W,, the mols. of water per mol. of lactam 
in the original reaction mixture; W,, the weight fraction of lactam in the dry reaction 
product, and £, the milliequivalents of end groups per g. in the dry reaction product. Th 
fiyures were obtained from the graphical data published by Hermans, and van Velden, and 
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their co-workers.*:.® From them the following derived quantities have been calculated; 
W,, the weight fraction of polymer in the dry reaction product; , the number average 
degree of polymerization; the mol. fractions N,, Ny, and Ny, as previously defined; and 
the apparent equilibrium constants K, and K,. The experimental values extend only 
from N, = 0 to N, = 0-667. Over this range Ny, Ny, and K, are linear functions of N, 
at both 221-5° and 253-5°, and it will be assumed that they can be extrapolated linearly 
from N, = 0-667 to N, =1-0. The values for N, and N, calculated from Matthes’s 
data 4 at 220° are in agreement with this extrapolation 

RK, is a linear function of N, at 253-5° over the range N, 04-667, and it will be 
assumed that it can be extrapolated linearly to N, = 1-0. At 221-5’, K, is not linear from 
N, = 0 to N, = 0-45, but appears to be so from N, = 0-45 to N, = 0-667, and it will 
be assumed that it can be extrapolated linearly to N, = 1-0. The plot of A, at 221-5” 
and 253-5° against N, is shown in Fig. 1. The plot of A, for 7-aminoheptanoic acid from 


7 (ox,/0m,) 


> 091.5 ix 
K, for 6-aminohexanoic acid at © 221-5° **® 
253-5°, and for j-aminoheptanoic acid 


Ni 0-667 to N, 1-0 at 220°, from Wiloth’s data,* is also shown. It will be seen that 
this is linear, and the slope is almost the same as for A, for 6-aminohexanoiec acid, so that 
the linear extrapolation appears to be justified rhe plots of K, at 221°5° and 253-5" cross 
at N, 0-70. The slope of the curve for K, at 221-5" from N, Oto N, O45 is deter- 
mined by assuming that (0R,/ON,), = 0 at N, ~ 0, and decreases linearly to —850 at 
NV, 0-45: from then onwards it remains constant Ihe plot of (0K ,/AN,), is also 
hown on Fig. 1. The abrupt change at N, 0-45 is unsound mathematically, but the 
values obtained for (8K, /0N,)r are probably sufficiently accurate. The plot of A, in 
this region fits the experimental points reasonably 

From the plots of Nz», Nz, i, and RK, against N,, extrapolated where necessary, the 
values of these quantities at regular increments of N, were obtained. These are given 
in Table 2; from therm the corresponding values of (0 In y,/0N,)r and (0 In y,/0N,)7 were 
calculated. The values of In y, and In y, were obtained by summing the differential by 
the trapezoidal rule; a more accurate method is probably not justified. The magnitude 
of the integration constant is determined by the standard states chosen for water and 
polymer 


For water, the standard state is liquid water at the temperature of the reaction. Then 
] 
In 4 0 when N, 10; and when N, x, Iny, [ia In y,/AN,)dN,. 


For polymer, the standard state is polymer of infinite chain length (N, 0), and in 
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equilibrium with its lactam at the reaction temperature. This convention 1s both mathe 
matically convenient and experimentally sound. Polymer free from lactam would, under 
this convention, have a positive free energy, but above its melting point it would quickly 

to the equilibrium mixture of polymer and lactam, for which, by this convention, 


0 
ince In dy In Ng + Iny, = 0 when N, 0, In y, In N, when N, 0; when 


4 


In In N,(N, = 0 [in yJ0N,)aN, 
N 0 


42 


lable 2 gives the values for log y,, log 7,2, and y;/y_ from NV, Oto N, 1-0, at 221-5 
and at 253-5 
(he values depend on the correctness of the extrapolation of A, from N, = 0-70 to 


1-0; the influence of K, is relatively small. The apparent equilibrium constant for 


TABLE 


0-205 0-0264 0-587 
0-204 00-0257 O-5SY 
0-201 0-0248 0-594 
0-189 00-0208 0-617 
0-168 OOLLT 0-661 
O14) 00063 0-733 
0-109 0-0373 O-847 
0-077 0-0836 1-016 
0-047 0-150 267 
0-022 0-248 1-654 


O-O04 0-406 52 


ooo? Oow 3-71 
4 


0 0-606 ah 


Mean 
0-1043 0343 0-727 
0-09052 O331 0-744 
06-0863 O314 0-763 
0-0606 O262 O-s02 
O-O541 ORS 0-846 
00-0401 OO80 O-BYUS 
O-O0279 M057 0-950 
WOLTS 02299 1-013 
O-O0095 O441 1-083 
00-0036 O701 1-165 
O-O007 O1LOLO 1-260 
0-O0002 01204 1319 
0 O-1373 1-373 


Mean 


eqn. 5, Ky \ ,/Kg, has a limiting value of 3-75 at 221-5", and 14 at 253-5", when N, l 
It follows that in a dilute solution of 6-aminohexanoic acid, about 80°, will be converted 
into lactam at 221-5", and 93% at 253-5 lechnical data }* show that when the polymer 
is heated with 64 mols. of water at 220°, 60°/ is converted into lactam, and the remainder is 
not all 6-aminohexanoic acid; some dimer and trimer are present. At 260°, with 32 mol 
of water, conversion into lactam is 76°. It follows that K, cannot be very small, in the 
limit; it must be at least 2-3 times RK, If K, at 221-5° is extrapolated linearly to 50 
at N, 1, instead of 90, this will not affect the value of log y, from N, = 0 to Ny = 0-7 
ince the standard state for polymer is at NV, 0, and the integal is pummed from N, 0 
Beyond N 0-7, the deviation is considerable, owing to the increase in 1/A, in af oS, 

c, \ ON, 


Phe value of log y, is affected throughout the whole range, since the standard state for 
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water is N, 1, and the integal is summed towards N, = 0. Calculation shows that 
log y, would be increased by about 0-01 from N, = 0-7 to N, = 0, corresponding to an 
error of 28° at N, 0-7, but only about 5°% over the range N, 0—O-1. It seems 
probable that at 221-5° log y, and log y, are within 510°, of the true values from N, = 0 
to N, 0-1, and that the error is no greater at 253-5 

The value of the true equilibrium constant A, is 440 at 221-5° and 379 at 253-5°. From 
these values, log K, is given by: 


log K, 1-569 +. 531/T ‘ (24) 


AH 2-42 kcal./mole, and AS 7°16 cal./mole! degree! These values are different 
from those previously calculated, which were based on data from an alkali-catalysed poly- 
merization.' The reaction between a carboxyl and an amino-group (to form an amide) 
appears to be exothermic in the polyamide melt; the reaction between glycine molecules 
to form glycine peptides in the solid state is endothermic, as calculated from the heats of 
combustion.!? The difference may be due to the heats of fusion. The rather low value for 
the entropy of the re —_on suggests that in the melt the carboxy! and amino-groups exist 
largely as uncharged groups, and not as zwitterions 

The equilibrium between steam and polyaminohexanoic acid at 293° has been studied 
by Meacock.!* In his experiments a polymer in which some of the terminal groups were 
acetylated was held at 293° for several hours in an atmosphere of steam. At 293° the 
aturation pressure of steam is 76-9 atm.; the activity of steam at 1 atm., referred to 
liquid water as standard state, is 0-013. In one series of experiments the polymer con 
tained 0-00836 equiv. of CO,~ and 0-00373 equiv. of NH,* per mole (113 g.), and hence 
0-992 equiv. of -CO-NH-. Assuming that the activity of the polymer is unity, since the 
amount of free water in the system will be very small under these conditions, and inserting 
these values in the expression, K, (H,O)(-CO-NH-) /(CO,~)(NH,"), gives K, 414 
at 293°; for a second series of experiments, in which the polymer contained 0-00678 equiv 
of CO,” and 0-00452 equiv. of NH,", A, 42] rhe agreement between the two series 
and the constancy of the end-group values during several hours, indicate that these are 
true equilibrium valves. The value for A, at 293° calculated from eqn. (24) is 321. The 
discrepancy is probably due to lactam. In Meacock’s experiments, although the total 
vapour pressure over the melt was | atm., an appreciable part of this was due to lactam, 
© that the partial pressure of steam was less than | atm. A partial pressure of lactam of 
0-25 atm. would be sufficient to bring Meacock’s result into agreement with that calculated 
from eqn. (24). At 293° the melt would contain about 10°, of lactam." Since the boiling 
point of the lactam is about 275°, and since its activity in the polymer melt will be greater 
than its weight fraction, a partial pressure of 0-25 atm. is quite possible 

From the data in Table 2, the temperature-composition diagram for the system can be 
constructed, with lines of equal lactam content, lines of equal partial pressure of water, and 
lines of equal degree of polymerization. 

In order to plot the lines of equal lactam content on the diagram, it is necessary to have 
the graphs of lactam content (W,) against water content (W,) for several temperatures 
[wo such graphs are available from the experimental data,® at 221-5° and 253-5", and have 
been employed in calculating the values in Table 2. Others were constructed in the 
following way rhe plot of log W, against 1/7 is a straight line; }:!° consequently the 
values of W, at different temperatures can be obtained from this plot, by using the values 
of W, at 221-5° and 253-5" when W, 0 Ihe graphs of W, against W, at these tem 
peratures are linear, and intersect at W, 2-43; W, 0-026; and it may be assumed 
that all the graphs of W, against W, pass through the same point; such a relationship has 
been shown to hold for the system thymol—polyaminohexanoic acid.” From this set of 
graphs the value of W,, and hence of N,, for which W, has a given value at a 
given temperature, may be read off (I*ig. 2). 

rhe lines of equal partial pressure of water are obtained in the following way The 


Chem , 1910, 78, 92 
Chem , 1954, 4, 173 
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activity of water in the system is given by N, y,; since, in general, log y, will be a linear 
function of 1/7’ to a first approximation, the function (log N, +- log y,) may be plotted as 
function of 1/7, for different values of N,, by using the corresponding values of 


a linear | 
y, at 221-5" and 253-5". If the saturation pressure of water vapour at any temperature 1s 
patm., the activity of water at that temperature when the partial pressure of water 
apour is 1 atm. is 1/p, and log 1/p will be a linear function of 1/7. The values of 1/7 at 
vhil log N, log y,) intercepts log 1/p give the values of N, and T for which pio = | 
itm [he intercepts with log 2/p, log 0-5/p, et , give the values for which pyo 2 atm 
(5 atm., ete fhese graphs are shown in Fig. 3 
lic. 3 
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different vaiues of p 

Plot of (log N, log y,) aga 
1/T for different values of N, 
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rs gr OA a gr J against 1/T for different values of N, 


Faol~ w% 
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hrom eqn. (4a) we have: log RK, log N, + log Ng = log n(n I); and log K, 
log A, — log y, + log y,g; since these are linear functions of 1/7, log A, may be so 
regarded. log N, is not strictly linear with respect to 1/7, but varies only slightly with 
temperature, and no great error would be introduced by assuming it to vary linearly, 
(log A, log N, + log N,) was plotted against 1/7 for different values of N,, the values 
of A, and N, at 221-5° and 253-5° being used. The values of 1/7 for which the function i 
equal to log n(n 1) when n — 80, 100, 120, etc., give the values of T and N, for which 


n has these values (Fig. 4) 
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The composition-temperature diagram from 200° to 300°, and from N, = 0 to N, 

0-1, is shown in Fig. 5; this is the technically important region. Spinnable polymers 
must lie to the left of the line p == 1-0; to the nght of this line the partial pressure of steam 
over the melt is greater than | atm., and bubbles will be formed at the spinneret. The 
higher the spinning temperature, the higher the lactam content of the melt, and the higher 
also the partial pressure of lactam. The minimum degree of polymerization for fibre 
formation is about 80; all polymers for which fy, is less than 1 atm. have degrees of 
polymerization greater than this; this is in agreement with the technical observation that 
the polymer melt can be blanketed with steam at atmospheric pressure without causing 


ric. 5 Temperature composition diagram for the tem: 6-heranolactam-water 
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depolymerization. This is not possible with polyesters. The maximum degree of poly- 
merization which is desirable is probably around 140--160; beyond this, difficulty arises 
during drawing. Fig. 5 shows that at 270° the polymer having a degree of polymerization 
of 140 has a partial pressure of water vapour of | atm., in addition to a significant partial 
pressure of lactam. In order to spin at these temperatures it is necessary to have some 
method of controlling the degree of polymerization other than the activity of water in the 
ystem, and this can be done by the addition of acetic or benzoic acid, which acylate some 
of the terminal amino-groups 

At 260°, when N, = 0-025, the partial pressure of water is 1 atm. The degree of 
polymerization is about 130, so that of the total water in the system, about 0-008 mol, is 
bound on the terminal groups of the polymer, and 0-017 mol. is free water. This is 
equivalent to 0-27% by weight on the polymer. If the polymer is to be melt-spun after 
being washed with water to rernove the free lactam, it will have to be dried to less than 


0-27°/, of free water if bubble formation at the spinneret at 260° is to be avoided 
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954. Vhe Crystal and Molecular Structure of Thianthren. 
$y H. Lynton and (in part) E. G. Cox. 


A detailed X-ray structure analysis of thianthren, C,,H,5,, has been made. 
lhe molecule is folded on the S—S line, so that the two benzene rings lie in two 
planes at an angle of 128°. The sulphur valency angle is 100° and the C-S 
bond length is 1-76 0-01, A 


lHIANTHREN (diphenylene disulphide), C,,H,S, (1), has long been considered (although on 
ircumstantial rather than direct evidence) to be an example of a folded molecule in which 
the folding enables the central sulphur atoms to retain their ‘‘ natural ’’ valency angles 
even though they form part of a ring system. The folded configuration was first suggested 
by Bergmann and Tschudnowsky ! to account for the dipole moment of thianthren (about 


14) \ttempts to substantiate this suggestion by the methods of classical stereochemistry 
; 4 x ’ i 
e~\ 2 Js & ™ | gh 
. 2 ‘ am™“ S 
4 . 19 {l) ’ j 4 
Numbering used in this paper Chemical numbering 
for iummary see Turner and Harris *) were not successful, but this was attributed to the 


flexibility of the molecule permitting the folding to be reversed easily. X-Ray measur 
ments on crystalline thianthren were first made by Prasad, Shanker, and Peermohamed 4 
and by Cox;* Wood and Crackston® showed that the X-ray intensities and optical 
properties were consistent with a structure built up of layers of non-planar molecules, and 
they estimated the angle of fold to be about 140 

[he present work was undertaken to obtain accurate values of the sulphur valency 
angle and the C-S bond length; the latter is of interest since, as Sutton ® has pointed out, 
the sulphur atoms could use dx as well as px orbitals and conjugation could therefore occur 
even though the molecule is not flat. 


, 


EXPERIMENTAL 
iitable crystals were grown by evaporation from acetone solution in the form of radiating 


clusters of prisms, elongated along the b-axis and exhibiting the forms {O01}, {101}, {201}, {O11}, 


mom fs i Astin 
(O21), {110}, and {111} 


Ihe unit-cell dimensions, measured from Straumanis photographs, are a 14-454 + 0-002, 
/ 6147 0-002, ¢ 11-932 4 0-002 A, and (6 109° 51-6’ +- 1-5’ hese results, which 


gree with those of Wood and Crackston, are also in accord, when suitably transformed, with the 

ixial ratios given by Friedel and Crafts.’ It should be noted that in Friedel and Crafts’s 

description of the crystals, as transcribed by Groth,* two planes are wrongly indexed as (101) 
and (111); on Groth’s orientation and axial ratios they should be (201) and (221) respectively 

The density determined by flotation is 1-44 g. cm.3 (calc. 1-44, by assuming four molecules 

in the unit cell), The systematic absences of (A0/) reflections for 4 odd and (040) for k odd 


indicate unambiguously that the space group is P2,/a Cy, 

An optical examination in sodium light gave the following values for the principal refractive 
indices and the optic axial angle, in good agreement with those of Wood and Crackston;* « 
1-65, 8 1-76 (parallel to [4)}), y 1:95 (inclined at 69° to [c}] in the obtuse angle §), and 
2 82 

Bergmann and Tschudnowsky, Ber., 1932, 66, 457. 

* Turner and Harris, ‘' Organic Chemistry,’’ Longmans, Green and Co., London, 1952, pp. 783-784, 

' Prasad, Shanker, and Peermohamed, /. Indian Chem. Soc., 1937, 14, 177 

* Cox, Ann, Reports, 1937, 34, I80 

Wood and Crackston, Phil. Mag., 1941, $1, 62 
* Sutton, in “ Determination of Organic Structures by Physical Method ed, Graude and Nachod, 
ulemic Press, Inc., New York, 1955, p. 402 


Friedel and Crafts, Ann. Chim. Phys., 1888, 14, 438 
* Grotl Chemische Krystallographie,’’ 1919, Vol. V, p. 34 


1956 The Crystal and Molecular Structure of Thianthren 4887 


intensity measurements were made with Cu-/a@ radiation on multiple-film Weissen 
rhe crystals empioyed were approximately 
for absorption 


X-Ray 
berg photographs about the three principal axes. 
square sections about 0-25 mm. across cut from larger crystals, and no correction 

tions were observed and their relative 


effects was made (u 43 cm.~) 1100 independent refle 


intensities were estimated visually by comparison with a standard chart 


STRUCTURE DETERMINATION 


Che h0l and AkO intensities were put on the absolute scale by Wilson's method,® A Patterson 


hOl synthesis gave the x and y co-ordinates of the two sulphur atoms, which were then used to 
determine the phases of a number of terms for the first Fourier synthesis, The resultant 
electron-density map satisfactorily indicated the positions of the two benzene nuclei and the 
projection was refined by computing three further Fourier syntheses and one difference synthesis ; 
the Ft factor (agreement index) was then 0-18 
rhe y co-ordinates of the sulphur atoms were found from the AAO Patterson projection 


After five successive Fourier syntheses and one difference synthesis the R factor was 0-23. In 


the calculation for these hOl and AkO syntheses Hartree scattering factors multiplied by temper 
iture factors with B 3-8 A* and 2-5 A? respectively were used. The atomic co-ordinates 


| from the two-dimensional analysis are given in lable | 


derived 
ABLE 1. Atomic co-ordinates from the two-dimensional analysis 
Atom v/a y/b {e Atom */a y/t é Atom v/a y/b ale 
0421 O134 0-267 C, 0-601 O647 0-364 Cc, 0226 O 280 O105 
0-457 O570 0150 C, 0-654 O357 0542 Cus 0-256 0683 0-100 
C, 0-513 O322 0-340 C, 0-660 0547 0-488 Cy; 0325 0336 0-200 
( 0-524 O508 0-292 Cy 0-148 0433 O143 Cis 0344 O526 O52 
( 0-568 O270 0-466 C, 0-163 0625 0-093 


\ set of Ak/ structure factors, with a mean temperature factor of B 3-5 A* was calculated 


the University of Manchester’s electronic digital computer and used to place the observed 


tructure amplitudes on the absolute scale.“ Differential syntheses for both observed and 


tructure factors were then computed at the atomic peak positions so as to obtain 
Chis was repeated four times, the 


satisfactory agreement in the final 


calculated 
new co-ordinates corrected for termination-of-series errors 

cale and temperature factors found to give most 
rhe significance of the scale factors introduced here may be 
the two peaks, representing a particular 


individual 
tage being those listed in Table 2. 
understood from the following considerations Ideally 


atom in the “ observed ’’ and “ calculated ’’ electron-density syntheses respectively, should 
have the same heights and the same curvatures Perfect agreement cannot be attained with 
the assumptions of spherically symmetrical atoms and isotropic thermal motion, but the 

calculated '’ synthesis can be brought into approximate agreement with the " observed "’ by 


two parameters for each atom, (i) a temperature factor and (ii) a scale factor This 
must not be confused with the scale factor used to put the observed structure 
iumplitudes on the absolute scale (although the two are interrelated if the absolute scaling has 
been brought about by making ZF,,, = 2F, it represents a deviation from the assumption 
that the structure factor for zero scattering angle is equal to the atomic number, 1.¢., it represents 
un of electrons by the atom in question according as it is less or greater than unity 


introducing 


cale factor 


ale, 


a lo or 
With the assumptions mentioned above it is doubtful if the individual scale factors have much 
physical significance but they can be subjected to the collective test that over a whole molecule 
the net loss and gain of electrons should be zero; in the present case, with the factors of Table 2 
there is a net gain of about 0-4 e, 7.¢., less than $°%,, which is within the experimental error 
rauLe 2. Individual scale and temperature factors used in final differential synthesis. 
" 74 8 C,, ‘ Cin Oia Ga Go Go Ore Cy, Cy, Oy, Ge 
factor 105 0-44 Loz Oud 
perature factor (Ii 35 o's 38 4:2 


ending order of their temperature factors 


If the four groups of atoms in Table 2 are put in a 
the re also in ascending order of their distances from the centre of gravity of the moleculs 
[his effect is normally interpreted (cf., e.g., acridine") as evidence of rigid-body oscillation 


Wilson, Nature, 1942, 160, 152 
Vheatley, Acta Cryst., 1954, 7, 68. 
Phillips, ibid., 1966, 9, 237 
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(libration) of the molecule, and can be partly so interpreted in this case. In addition, however 
t can readily be shown that a “ flapping ’’ motion of the molecule about the S~S “ hinge ’ 
vould produce rather similar effects and the overall thermal motion is presumably a combination 


TABLE 3 


t 
Densities in ¢ A™* and curvatures in eA 


f r Pol p Cur Cut Cur’ Atom op p Poll Curv, Cur ( 
rh 260 ) . 2148 229-6 ) ( 63 6-4 §24 548 ) 
r+ 0-067 eesce o4 0-955 ’ " me | 
. 263 26-83 22%-3 231-4 3 C. 71 7-4 o.onn G4 65-3 0-941 
ee = "503  Gaed 4 
(, 6-6 6-4 562 bob Cy 7:2 73 576 59-9 
f | 6-7 1047 650 62-1 1-013 
Cus 6-9 67 60-5 61-4 | , C, 62 6-4 54°00 57-1 
‘ _ 651 63-6) ( 6-2 64 , 61-3 63-2 
rT a , » Oo O66 4 ‘ 0-044 
Cc, 60 63 ~ 43:3 47:3 
CU, 6-3 GB J 49-0 51-6 | 
Tauie 4. Final atomic co-ordinates 
Ato i y/l aL: Atom x/a y/b a/c. Atom t/a y/b 
04196 01330 02665 ( 06011 0-6562 0°3662 C, 02271 02601 00-1977 
04553 O6779 O1504 C, 06431 04092 05316 Cx 02591 060-6516 O-1018 
C. O6122 O3169 O8509 Cc, 06681 05905 04808 C,, 03225 05165 00-2044 
‘ 06267 O6124 O-2081 C, 01603 03976 01420 Cy, 03382 O-5138 O-1515 
Co 56906 O 2627 04638 C, 01638 05959 06-0931 
TABLE 5, 
Molecular dimenstons 
Bond Length (A) bond Length (A) 
“ pid C,-C, 1-419 
( 1-755 C,-( 1-380 
va : a Br’, con 7 1°39 
C, l sf | 7 C,-4 ® 1375 1-391 
Gen 1-744 CrGes 1-391 
C,c, 1-360 Cyr, 1407 V igi 
Cyt 1-425 C,,~ 1-427 J 
’ ‘ } 1-393 i i2 
Cy), oe 
Cus Cas 1-386 CoCo 1-369 \ 1.389 
Cy-C, 1-394 ) 
A nel 
C,5,-C,, 100° 10’ Ce Se Cis 100” 10 
{ the two (together with translational motions) although in what proportions the present wor 
not su ently detailed to decide 
he last set of structure factors gave an Fv factor of 0-12 for all observed planes. The final 
lauite 6. Perpendicular distances of atoms from the best plane through the molecule. 
ince (A Atom Distance (A) Atom Distance (A Atom Distance (A 
00-0008 , -OOoL05 Cs 00145 C. 0-0045 
0165 . + 0-0383 C, + 0-0078 Crs 0-0435 
‘ O-O104 ( + O-0409 C, 0-0034 C,, 0-0438 
(  -O188 Ca LOolg2 C. O-OL01 Cas MOLT. 
fanLe 7. Mean bond lengths of chemically equivalent bond 
| ‘ t C, ( ; ( . CC, C, ( ; ( : oF ill ( 
Mean bi length (A) 1-75, 1-39, 1-39, 1-4] 1-38, 1-39, 
peak electron densities and mean peak curvatures are given in Table 3, and the final atomic 
co-ordinates and molecular dimensions in Tables 4 and 5 Che complete list of observed and 


calculated structure factors is given in Table 8. 
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Observed and calculated structure factors for thianthren 
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TABLE 8. (Continued.) 


Pom hki F ube F oak hki Toe 
12-9 16.44 8-0 10-8 0.1.4 195 
15-4 5 163 19-3 5 20-7 
6-1 fh 0-6 
9-3 1342 7-7 9-5 12 11-2 
2-5 $ 10-0 80 4 oO 
8-5 4 6-7 | 
4-6 ) 5-0 1. 4-9 21.0 20-0 
8-4 l 35 

}- 97 15.1 13-1 78 3 20-9 

2 I14 9-0 4 160 

19-0 3 28-4 + 29°5 , 25-5 
26-1 4 14:3 + 10-5 6 ro 
14°5 5 10-8 —10°5 7 6-2 

+ 12-0 6 15:1 —14-9 8 163 

+139 ot) 12-8 

3.5.1 17-3 17-9 10, 118 

|} 15-0 2 153 +-17-7 11 7°8 

15-5 3 27-8 +28°5 13 0-6 
27-4 5 204 20-7 

+193 4.1.0 6-7 
17°4 65.1 bl + 86 3 27-7 
16-1 2 12-0 9-5 4 18-7 

3 65 + 46 6 33:3 

8-2 4 18-5 — 16-2 j 6-6 

11-5 5 160 13-7 Ss Lo) 
11-3 7 5-2 + 4:4 

24-2 8 7-9 1-8 610 325 

10-1 10 6-4 + 44 3 ; 

18-3 4 } 

75.1 21-3 +- 22-7 ) Loe] 

61 144 —15°0 6 26:1 

+ 4-0 

16-3 95.1 125 +116 81.0 196 
3 74 5 1 133 

8-1 2 11-7 
11.5.1 7°0 + 84 3 150 

9-7 $ 10-5 13-1 ) 21+7 

+ 13-6 j 12-4 
20-0 36.1 13-5 115 8 IIS 

+114 $ 20-9 +170 
12-0 9-2 + Yl 10.1.0 25-4 
10-5 56 101 S4 l 10-0 
12-6 2 115 

4.6.1 75 0+ 94 6 10-0 

+ 2h-1 2 153 + 22-6 
3:5 3 #110 + OO 12.1.0 1S5 
bl 5 21-2 25°8 l i i 
17-8 

+ 61 6.6.1 85 + 74 14.1.0 6 
20-9 2 64 t 5-2 l Ii-l 

16-8 
8-3 8.6.1 8-3 8-6 12.0 27-9 
7-7 l 48-7 

10.6.3 64 6-3 2 26-8 
24-0 3 10-6 
19-4 17.6 82 + 33 4 17-6 

16-8 5 21-6 
15-9 3.7.1 03 + 80 6 11-8 
20°3 4 7-2 101 7 16-8 
18-5 6 78 10-0 8 21-9 

+ 16-6 9 23-8 
9-3 5.7.1 93 9-9 10 108 
8-5 4 40 + 45 li 15-3 

5 8-2 10-0 12 8° 

0-8 6 8-0 9-5 
24°58 3.2.0 41-5 
11-6 176 71 8-2 ! 0-8 

+ BO y 4 iO0 

13-5 O1.1 442 —49-1 4 10-9 

2 247 + 26-5 6 10-5 

16-6 3 643 +741 7 26-6 
The fenctal aud Malerulay Structure 


of Thianthren 
I, hkl 
il-6 3.2.9 
31 10 
0-9 
12-0 52.0 
1O-d l 
21-0 3 
37 6 
20°8 7 
Ll-4 8 
29-0 10 
6-3 
5&7 7.2.0 
187 | 
13:1 ” 
10-9 3 
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12-5 5 
6 
wd 7 
21-3 s 
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; 21-0 3 
” t 
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+4 e 11.2.0 
ot » 
26-6 4 
LOS . 
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vO a0 
15-3 19.2.5 
+ 21-0 F 
15-8 0.3 
12:4 ~ 
J 
30-9 4 
10-1 - 
113 6 
vu : 
a 
0 
t+ Ll-4 ~! 
15 12 
6-8 2.3.0 
11-5 ! 
9 
28-9 3 
47°2 4 
9.9 6 
16-2 6 
i4-1 8 
29.9 +] 
12-0 10 
19-0 
}.24-] 4.3.2 
+ 27-0 3 
03 4 
16-1 5 
7-8 6 
8 
471 
8-2 6.3.0 
740 4 
27°65 5 
t Od 6 
30:1 7 
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raBLe 8. (Continued.) 


hkl , V cate hkl | F cots hkl F one V cas hkl F one FF ok 
B40 28% 40-9 6.5.0 0-5 9-5 6.1.6 15-7 14-3 7.2.13 4-8 9-5 
| 4 10-7 ] 9-0 8-7 10 28-7 31-5 14 48 | 
4 il 12-6 2 6-9 + 6-7 ll 12-7 10-7 
6°) + 668 3 23-8 +-24-9 9.2.1 7:2 1. 43 
56 105 10-4 16.1.2 334 437-1 2 10-4 to 
103.0 167 16-0 4 7-9 78 3 163 }-12+7 
j 11-3 11-9 8.5.0 0-6 1. 5d 6 1061 0 4 10-7 21-0 
8-6 10-6 1 182 19-7 9 97 10-7 5 25-5 22-9 
1! 2-3 12-7 6 40-1 38-2 
12.3.1 65 10-7 105.0 9-8 | 9-5 13. 10°8 +- 13-7 7 270 22-7 
te’ 26-4 26-5 
1430 110 413-0 16.0 108 + &7 12.3.1 19-2 20-3 9 OF + 5-5 
J 20 8-3 3 22-9 6-7 11 74 3-0 
14.0 ] , 11-0 3 13 + 10-3 4 U3 75 12 10-5 7°5 
1 15-8 18-1 5 106 0-8 8 7 10-1 
» 20-6 }. 22-7 9 123 16-1 II.2.1 10-4 } 77 
19-8 17-2 36.0 1 4-6 12 88 3 2 15-4 13-4 
| 0-5 Lib 2 120 8% 3 26-1 67 
8-4) 8-5 } 7 6-4 4.t.1 101 11-6 13-6 Lie] 
6 142 16-2 4 0-4 8-3 4 1b 8-2 56 20-2 33-4 
13) +143 5 10-7 77 6 28-7 22-8 
86 + 90 56.0 84 + 61 6 O06 12-2 7 22-4 20-3 
Ht) | + O6 1 10-7 + BS 8 11-2 1i-S 12 7:8 10-7 
2 6-8 6-9 10 9-2 10-9 
iO 104 13-7 ; 58 4-9 13.2.1 7-3 9-3 
, 186 19-5 16.1.1 5-9 7 y 14 «4 7 
4 23-7 4h 7.6.1 71 7 2 10) 10-9 5 143 1S] 
{ 13-9 14-6 5 6-3 2 6 19-0 17°65 
6 O68 10-9 1.2.1 841 91-0 il 01 8-3 
960 106 79 2 13-1 14-5 12 71 11-8 
54.0 5-2 4-8 3 12-6 + 14-2 . 
1 68 4-2 2756 82 + 90 4 15-9 12-8 15.2.1 83 + 90 
4 9.9 11-6 5 3l+1 + 28°6 2 74 4+- Ol 
4 fA L1-4 $1.1 65 6 6 606 +566 3 76 6-4 
a 0-0 2 66-1 80-9 ] 8-3 8-3 4 150 17-6 
4 7h KR 3 63-8 5-5 8 37-4 38-2 a) 76 SO) 
4 65°) |. 66-1 9 23-9 24-0 6 106 12-0 
740 H3 17-5 5H 26°65 + 25°9 10 15°8 18-4 7 73 6-9 
1 19-2 12-0 6 470 48-7 
« y “7 4 . i 
13 16-1 1 306 25-7 B21 16-5 12-3 17.2.1 98 12-4 
as > 8 92 2-0) 2 sl 6°7 3 7*2 11-9 
1 io O6 
i] 10-2 10 3 28-5 28-5 76 89 
' i2 99 11-0 4 35°5 349 
ae ee a. 5 isl 15-4 33.1 23-8 13-8 
> 41.2 70-2 77-2 7 241 | 2 12-7 12-5 
ie i li 3 605 +497 8 21-0 24-0 3 76 + &I 
4 i120 +127 Ht] 10-8 +3167 4 420 }-41°7 
Lod 120 5-0 6 109 12-8 10 149 16-4 6 192 417-5 
7 233 423-9 6 140 11-0 
0.5.1 6 1 8 11-2 0-0 $21 260 +4221 7 24-9 23-8 
2 67 + OD 9 92 12-1 2 155 0-0 8 143 11-6 
8 20-9 163 ll 122 +4141) 3 11-5 1 9 14) 14] 
6 13) Land 16 80 12-0 4 28-2 25-8 1k Qed 21-1 
8 172 +171 5 101 +23-4 12 11-6 a) 
)' 80 + 5s 61.1 119 13-3 6 12-7 09 
It 3-0 ee 2 109 + 90 7 37:3 19 4.3.1 49-2 
it 6S 5 $ 341 }-37°3 8 169 71 2 263 
4 20-4 }- 24-1 9 226 426-1 3} 37-1 1 § 
“ te | 20-4 i 60-6 62-1 10 53 3°3 4 36-2 + 
! ) 23-4 6 16-7 + 12-5 12 650 9-3 > 164 +118 
a + 23-7 8 Ile 12-0 6 20-6 19-7 
4 70 37 10 223 422-9 1.2.1 2756 +4256 8 148 1-8 
110 wt 13 0-4 9-3 8 OTS 16-6 1k 148 +17-1 
1 oly 58-1 12 4°5 6-1 
45.0 23-7 21-0 8.1.1 9-8 63 6 22-8 15-2 
; 6-6 a3 2 244i 27-6 7 3-6 10-0 63.1 32-2 30-7 
i 3 2-8 3 8-6 3°7 8 IIS 12-6 2 187 +141 
6-2 1-7 4 12-7 Ob 9 92 hl 3 28-7 }- 25-7 
6 64 + 53 5 24-7 24-1 iO Ib 3 4 98 + 93 
+ 6-0 6-5 7 #172 14-4 11 6-4 vl b 20-6 18-9 
iH) 6-5 + 86 8 101 -~12-9 2 61 + Lied 6 92 — &) 
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TABLE 8. (Continued.) 


hkl F one | hkl Pose Fei hkl F ine i hkl Pa, 1 
63 6-6 ay 142 11-6 13-0) 11.4.2 6-3 65 13.5.5 o2 ) 
8 70 7-6 4 21-7 21-8 ; 9-2 71 
9 TO 6-0 5 11-9 + 12-5 4 oo 6-8 161 16-4 + 12-2 
1O =H 19-3 7 #0 11-8 ) 8°7 6-5 9 17°] 
1 71 8-7 9 108 10-2 , a6 55 
12 10-8 11-3 12 ou + 89 13.42 9 oS 4 10-5 L 
13 “eu lol ) 8-3 8-3 4 a6 4 7 
3.4.1 24-5 21-7 6 7 ) 
83.1 i) 6-4 2 7-5 77 15.4.3 7h 6-5 
2 35-9 36-9 3 es 5-4 i . as 
3 343 35-6 4 157 13-3 25.1 20-6 18-6 nee we , =7 
ri 73 8-4 5 18-0 17-6 } 8 %.| r 15-7 16-0 
§ 21-5 22-1 s 100 10-7 } 8-2 10-3 5 6 > 5h 
6 21-4 17-3 il 78 10-6 4 107 7:3 6 64 7.5 
7 12-1 12-8 5 6-5 6-7 ~ o 4 0 
9 153 16-3 5.4.1 265 25-9 6 120 7-6 ; ’ 
10 [8-6 1u-4 2 RS ao 5 14-1 13-7 
3 220 21-3 10 88 o1 G1 116 I 
163.1 182 18-3 4 1490 +141 = Fl 17 
2 128 13-2 6 20-0 21-4 15.2 156 14-6 $ ile +87 
$ 125 113 7 168 16-7 } BB 3-7 y ANS tied 
4 19-0 16-9 8 66 5-9 » 190 20°] ‘ 8) oO 
5 11g Lil 9 6-5 46 7 16-1 17-2 
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The Shape and Arrangement of the Molecules.--All the atoms of the thianthren molecule 
lie very nearly in two planes which intersect in the sulphur atoms at an angle of 128°, 
lable 6 gives the perpendicular distances of the atoms from the best planes through the 
two halves of the molecule 

rhe arrangement of the molecules (see Figure) is essentially the same as that proposed by 
Wood and Crackston ® for thianthren and by Wood and Williams for selenanthren. The 
S,~-S, axis of the molecule is inclined to the b-axis at an angle of 31° and its projection on 
(O10) makes an angle of 20° with ¢ in the acute angle @ Ihe longest direction of the 
molecule, at 90° to the S,~-S, axis, is roughly parallel to (101) and coincides approximately 
with the vibration direction of the slowest ray (y) and of minimum susceptibility indicated 
by magnetic measurements.’ Molecules related by a centre of symmetry interleave 
thus with the planes of the overlapping benzene rings 3°53 A apart, and the structure 
can thus be regarded as made of puckered layers parallel to the (101) planes 

Che closest-approach distances between adjacent molecules are S~-C 3-92 A, 5-5 3-78 A, 
and C—C 3-47 A. 

Accuracy of the Results._-A statistical calculation of the effects of random errors in the 
analysis was made by Cruickshank’s method ™ and the mean standard deviations of the 
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bond lengths found to be (range of individual values in parentheses) : S-C, 0-008 (0-0071 
0088) A; C-C, 0-012 (0-0107--0-0147) A. The standard deviation of the 7~CSC bond 
angles was 0-5" and of the electron density 0-16 e.A* 

If the lengths of chemically equivalent bonds in the molecule are compared on the basi 
of these standard deviations significant differences appear, but it seems unlikely that these 
can be entirely real, 1.¢c., distortions due to intermolecular forces in the crystal (but see 
Wheatley '), and it is much more probable that they are systematic errors due to (a) the 
omission of hydrogen atoms from the calculations and (+) the assumption of isotropi 
thermal motion of the atoms Ihe scale factors and isotropic temperature factors of 
fable 2 were introduced in an attempt to bring the ratios of observed and calculated 


electron densities and mean peak curvatures to unity, but as Table 3 shows this was only 


4 


Thianthren the tructure projected " 
O10 


moderately successful and considerable improvement could probably be made by the use 
of anisotropic temperature factors. Independent justification for such factors can be 
found in the chemical evidence referred to in the introduction, suggesting that the 
thianthren molecule may be flexible about the line of fold; in the crystal the thermal 
motion of the molecule may be considerably greater in the directions normal to the plan 
of the benzene nuclei than in other directions. Further refinement, account being taken 
of these systematic factors, would be necessary to determine the molecular dimensions 
vith greater precision, but it is doubtful whether the importance of thianthren justifies thi 
Accordingly we take as the best values of the bond lengths the means of the figures for the 
irious groups of chemically equivalent bonds shown in Table 7. It is difficult to estimate 
the effect of the systematic errors on the accuracy but experience with similar cases suggest 
that it would be appropriate to take the “ standard deviation of the figures in Table 7 as 
approximately double those due to random errors, say 0-01, A for C-S and 0-02, A for C+ 
The C-S-C bond angle of 100° is the same as that found in | : 4-dithiadiene 16 and agrees 
fairly well with C-S—C angles in various non-cyclic compounds, so that the experimental 
evidence supports the view that folding of the molecule enables the sulphur atom to retain 
it natural ’’ valency angle. Possibly this tendency is assisted by a certain amount of 
dx conjugation as suggested by Sutton ® since the C-S bond length (which is in good agree 
ment with other values in aromatic substances, e.g., 1-76 0-02 A in dibenzenesulphony! 
ulphide !7) appears to be significantly less than the usually accepted single-bond value of 
ibout ISL A The mean length of the C-C bonds in the two benzene nuclei is in good agree 
ment with recent values for benzene itself.'8 
We are indebted to Dr. G. M. Bennett, F.R.S., for the thanthren We acknowledge grate 
fully a maintenance award to one of us (H. L.), and financial support from the Department of 
' Vheatley, Acta. Cryst., 1953, 6, 369 
Howell, Curtis, and Lipscomb, iid, 1054 7, 408 
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955. d-Orbital Contraction in Chemical Bonding. 
3y D. P. Craic and E, A. MaGnusson 


In molecules such as phosphorus pentachloride and su!phur hexafluoride 
the bonds can be deseribed as covalent dsp hybrids, but a study of overlap 
integrals shows that the d orbitals of phosphorus and sulphur in the free atoms 
ire too weakly bound and diffuse to contribute to the bond energy A type 
of polarization is proposed in which such diffuse orbitals are contracted, 
bringing the electrons closer to the atoms or groups to which bonds are to be 
formed and so adapting them better to bonding. Charge transfer from the 
central atom into orbitals of the outer atoms is not considered, but the 
tendency for charge to accumulate there is manifest in the contraction of the 
central atom’s orbitals. Some features of the contraction are examined 

a model in which the potential field of outer atoms is replaced by a Coulomb 
field and the energy of the electron minimized with respect to the exponent 
in a Slater orbital Applied to real molecules the results from the model 
uggest that contraction is enough to allow ibstantial participation by d 
orbitals in covalent bonding of this type 


In an analysis of the conditions under which bonds might be formed using d and / atomic 
orbitals, a problem which has to be solved if the covalent-bond model is to be retained at 
all is that in a number of theoretically important cases the orbitals are apparently much 
too weakly bound and diffuse to participate appreciably in bonding. We shall find, for 
example, that without some hypothesis of modification of the orbital sizes, the suggestion 
that sulphur hexafluoride SF, is held by d*sp* covalent bonds using sulphur 3d orbitals is 
untenable It has been suggested that the difficulty arises from the use of free-atom 
parameters for the d orbitals, and that modifications occur in molecule formation by 
polarisation due to the attached group Craig, Maccoll, Nyholm, Orgel, and Sutton ! 
noted that d orbitals which were as weakly bound as the free-atom data required (accord 
ing, ¢.g., to Slater's rules which, even if not really precise in such cases, are certainly 
correct in the qualitative sense of giving very low ionization potentials) would be strongly 
polarized by electronegative ligands through the partial withdrawal of charge from the 
weakly bound orbitals of the central atom and a tightening of the remaining charge to a 
size compatible with binding. In a general way this certainly describes what happen 

but in detail it is not easily combined with a discussion of covalent-bond strengths in term 

of ove rlap integrals this is easily seen, for, if the withdrawal of charge proceed to the 
point where S*' (F,)*~ describes the electronic situation only four of the bonds are covalent 
and they are based on the 3s3/* configuration of S* Che d overlap integral then has no 
bearing on the case, and its importance is reduced progressively as this limit is approached 

For this reason we prefer to retain a description of the polarization which allows the bonding 
to be described without charge transfer rhis does not imply the unrealistic limitation 
that the bonds divide thei charge equally between the bound centre on the contrary, 
the region of overlapping charge is much nearer to the more electronegative centre, a 

commonsense require It is only that, as detailed more fully elsewhere,’ we regard the 
asymmetry of the electron charge as homopolar rather than heteropolar in origin I he 

bonds may thus be polar but not ionic, In a complex system it is almost meaningless to 
discuss which of the homopolar and heteropolar descriptions i right they have to 
be looked upon as different approximations to the same electron distribution, both having 


Craig, Ma holm, Orgel, and Sutton, /., 1954, 332 
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useful feature In this paper we shall develop a description of the polarization of weakly 
bound orbitals by electronegative ligands which 1s compatible with the covalent-bond 


model, Our discussion, which follows an outline given earlier,”.* will be found to agree in 


t wortant consequences with that given by Craig et al." in qualitative terms, but its 
inder| mechanism is somewhat different. The discussion begins with a description 
of the erlap criterion for bond strength, continues with a treatment of polarization in 
ti of the contraction of the loosely bound orbitals, and the detailed appli ation of thi 


eries of highly idealized model situations, and ends by noting briefly the relevance 

{ the idea of orbital contraction to the understanding of conditions in molecules 
Phe covalent-bond model is a model in the sense that it idealizes a complex situation to 
mething very imple in the ¢ Kpectation that calculations based upon it will enable some of 
the properties of the actual system to be interpreted. In particular, each bond between 


th ntral atom A and a ligand atom B is idealized by the supposition that it is formed 
from appropriately directed and simply constituted atomic orbitals 4, and 4, Our 
purpose to examine within this framework the conditions under which the orbital ¢ 


veneral a linear combination of natural atomic orbitals, is strengthened by the 

ridization of d orbitals with s and fp. As an index of bond strength we use the overlap 

criterion, t.e,, we assume that a value of the overlap integral (1) of about 0-1 or greater 1 
cessary for significantly strong covalent binding.! 


[4 (y) d {y d- . . . (1 


lor equivalent octahedral bonds the orbital 4, is determined by symmetry in its com 
position from p, and d orbitals, and the overlap integral S, may be written as the sum 
( tributions by the « erlap integrals Sy, S,, and S, of the d, s, and p orbitals at the 
centre atom A with the orbital at B 


Yo (1 V/3)54 (1 \ 6H)5, (| \ 2 p P ° (2) 
Large values of S, are associatec with strong bonds, and this requires large values for the 
primitive overlaps Sy, ete., in (2) Moreover, whether d orbitals are to be used or not 


depends, amongst other factors, on whether their inclusion in the hybrid bond orbital 
d, strengthens the bond appreciably; that is, in terms of the overlap approximation 
whether Sy in (2) is comparable to S, and S,. In the specific case of sulphur hexa 
fluoride the sulphur atom is taken to be in the valence-state configuration 3s3p*3d*.  S, 
un are in the range 0-2-—0-3 The two 3d electrons are well screened from the nucleus 
the inner electrons, and S, on account of this efficient screening and consequent diffuse 
{ the 3d orbitals is nearly zero.! Under these conditions we should not expect d 
iybridization to occur for the following reason. In the covalent-bond model promotion of 
two electrons into 3d orbitals occurs if the bond energy of six bonds minus the promotion 
ene! ‘ives a favourable energy balance compared with mechanisms of bonding not requiring 
promotion If the d orbitals contribute nothing to the bond energy all that happen is that 
the bond-forming ability of the available s and p orbitals IS spre ad over a larger number of 
hond ind the potential gain in fotal bond energy will be small. It therefore seem 
essential to the idea of d-hybridization that the d character in the orbitals is appreciably 


bond-strengthening, a condition which is not satisfied by the diffuse orbitals of the free 
itor It becomes necessary to allow for polarization of the d orbitals, and this allows 
their participation to be understood, as will be shown 

Orintal Contraction.-We construct a simple model to represent d electrons in an 
ctahedral molecule and postpone the consideration of actual example A single d 


tron will be uppo ed to move tr 


the field of a nucleus of charge Z,; and upon thi 
drogen-like atomic system a perturbation will be superposed consisting of six positive * 


n for choosing positive charges is that the field of an atom capable of forming a covalent 
‘ tron attracting The familiar theory of the effect f cr talline fields on 3d electrons 
t metals normally involves negative charges, because the field source ire either negative 


pairs in formed bon 
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charges of magnitude Z, in a regular octahedral array of radius o atomic units. Because 
the model is to be used to simulate conditions in covalent bonds no provision 1s made for 
migration of the electron into orbitals at the perturbing centres. This would be anothet 
plausible method of allowing for the movement of the electron towards the positive 
charge but in the present model the electron concentrates near the perturbing charge 
onl is the changing size of the central orbit allow the electron is, in other words, 
confined to an orbital based at the central nucleu For Z, = 0 the eigenfunctions and 


energy levels are, of course, those of the hydrogen-like atom of charge Z,; otherwise the 
charges distort the orbital, expanding it if the orbital is small compared with the radius a 


and contracting if it is large. Roughly we may expect that contraction will occur if the 
radial maximum of the orbital is greater than o \s will be shown this conditions holds 
for the d orbitals whose usefulness for covalent bonding is at issue. The potential of the 


outlying charges may be expanded as a sum in the usual 1/r series,* which reduces to the 
following expressions for a regular octahedral field 


V 67 a (7 2\(Z, a)(r4 a) \ (2/9)©),° os in* 6 co j 


l 67,/r (7/2)(Z, |r) (a /r) \/(2/9)0,° h/8) sin* 0 cos 4 (33) 


where ©,° is the normalized Legendre polynomial 


The first terms in each expression have a particular! imple interpretation They 
measure the potential of a charge —6Z, spread uniformly over a spherical shell of radius o 
Inside the sphere the petential is uniform and equal to — 6Z,/s, and outside it is that of 
a charge 6Z, placed at the centre of the spher \n orbital of the unperturbed atom 
vhich lies largely inside the sphere is unaffected in form by the perturbation, but it 
binding energy is increased by 6Z,/o atomic unit corresponding to the extra energy 
re juired to ionize the electron through the charged surface Alternatively, if the energy 


zero is moved down by 6Z,/o in the presence of the perturbation, orbitals of this type 
are entirely unaffected by the first term in the potential (3). On the other hand an orbital 
of the unperturbed system which projects significantly beyond the radius a ts specifically 
perturbed by the additional attractive potential 67,/r acting outside the sphere I his 
tends to draw charge inside, until a balance is reached between the increased kinetic energy 
of the contracted orbital and its reduced pote ntial energ’ lhe effect is thus a movement 
of charge into the sphere, giving a more compact orbital and therefore enhanced bonding 
power. An orbital of this projecting type also has its binding energy increased by the 
perturbation, but by an amount which is less than that for an orbital wholly within the 
phere [his effect, which we shall study separately before dealing with following terms 
in the expansion (3), might be described theoretically in several different ways. The 
perturbed wave function could be expanded in a series of unperturbed hydrogen-like atomic 


wave functions for a central nuclear charge Z,; this expansion would converge slowly 
except for very small perturbing charges Z A quicker convergence would be obtained 
with a set of atomic functions for an increased charge Z, 8, and it would be possible 
to choose 8, for a given Z,, to give optimum convergence behaviour Elaborate caleul 
ations however are not justified; we shall show, for example, that interconfiguration 
mixing | mall (1.¢., participation by orbitals of principal quantum number greater than 
the original), and it is adequate to take a single Slater atomic wave function of radial 


factor (4) and to minimize its energy with respect to the exponent «. Z,, Z,, and a appear 


aS parametet 


db, (2a) y*-le«@ in)! mri (4) 
For diffuse orbitals in the presence of the perturbation « Z,, and since Slater radial 
functions have their maxima at y7,, n*/a, the increase in « over Z, corresponds to a 


contraction of the orbital. 


* Eys Walter, and Kimball, Quantum Chet a . r ) k, 1944, p. 369 
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[he perturbation energy due to the first term in (3) is given by the expression (5) 


(d,,|Vld,) (67, 0) | da? v* dr 62, | bn dr : . (5) 
1} iy be evaluated from tables. We have, for n 3 
ba V"\ da) (67, /)(2a6/3)7 (1/6 !)/6! 37/(2a0)? 1 ,(2a0/3 1 .(2a0/3)>. (6 
} 
here 1 ,, (a) fr ow dy 


More generally, expression (6) involves a special case of an integral which recurs in several 
ections of our work. It i 


ke! [¢ (ry? la? \dr*dr J alo’ y' Dd ve dy a '(2aa/n)*"* V1 /(2n) ! 
, ' , 2 1 er Pr 
| (2 p) 2a0/n) u lon p(2ua/) 1» p-1(220/n (4 


lables of the auxiliary functions of/ 


an 


for selected values of p and m are given in an 
Appendix 

Ihe total energy is the sum of the perturbation term (5) and the unperturbed energy 
given by (8) for hydrogen-like orbital Ihe latter have radial factors identical with the 
later functions (4) for Is, 2p, 3d, 4f...1.e., when the azimuthal quantum number / ha 


its maximum value of (n 1) 


W,, (a/n*)(a/2 cal - ; (8) 
Che procedure is to find the value of « tor which the total energy given by (5) plus (8) is a 
minimum for selected value of the parameters o, Z,, and Z Ihe results are shown in 
ig. | [hey allow a number of trends to be discerned. It has been noted that an orbital 


largely contained within the radius o is little altered by the perturbing field, so that in 


the limits either of large a or large Z, we expect the effective charge increment (2 mal 
to vanish. In harmony with this (a Z,) in Fig. 1 is less for {thane 3 for given 7, 
ind Z ilues and it decreases in the order Z, 0, 1, and 2 The dependence upon the 


bond distance a is sensitive in the model, and in real systems we expect that ligands joined 
by short bonds (t.e., first-row elements) will cause larger perturbations than other The 

ilues o 3 and 4 are roughly those for bonds between a first- and second-row element 
ind two second-row elements respectively lable 1 gives additional results illustrating 
the rapid decrease in (a 7Z,) with increasing Z, in general for Z, > 2n*/o contraction 
is negligible rhe quantities P, and P, in Table | are the fractions of the electronic charge 
lying outside a sphere of radius o 4 in 3d orbitals of effective nuclear charges Z, and « 
respectively. Contractions are large only when a significant amount of the unperturbed 


orbit il lhe out ide the sphere 


laABLe | Variation of the charge increment (« Z,) with Z, 
a 4,7, 167 


/ 1 P, a-Ze | 3 P, 1 P, “> 2 
| 0-08 1-7 Ta. 4 7 { O-ORS 1-05 O-O75 O-O5 

oy a | OSS O-3s ) Ol] OO] 

Ost +15 O27 OL a] 6-00 0 


ill orbital contractions in our sense have long been known in simple systems for 
vhich detailed energy calculations have been mad Kor example, in H,, Wang found 
that an effective nuclear charge of 1-166 units minimized the ground state energy in an 


| Amemiye, Ishigut ancl War lables of Molecular Integral Maruzen, Tokyo, 1955 
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HLSP approximation. This result involves a consideration of all the energy terms and 
so depends strongly on the particular molecular state; for excited states of H, the effective 
nuclear charge may be less than unity. The relationship in detail between such change: 
in effective nuclear charge and those in our own work | thus slight 

Che results in Fig. 1 show that the contraction ot! loosely bound orbitals may be large 
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A 3d orbital with Z, 1 (as in the 3836%3d configuration of phosphorus) has 1t radial 
9 a.u. In an octahedral field of unit charges at o 34 is 32 and the 
1 value comparable with that of the orbitals of ligand atom 
Pypical magnitudes of 


maximum at 7m, 
radial maximum 1s at 2°83 4.u., ¢ 
chlorine, and therefore « ompatible with covalent bonding 


uch a 
orbitals before and after contraction are shown in Vig 

An important point in 4 more general consideration of the bond possibilities | that the 
energy of promotion of the electron into the 3d orbital, if changed at all, is increased by the 


1H) Craig and Magnusson 


perturbing field. The reason for this is that an inner, non-projecting, orbital is more 
tabilised than a projecting orbital, so that the excitation energy from one to the other is 
increased. The increase may be considerable. A 3d orbital of Z, | has a binding 
energy of 0-055 a.u. in the free atom and in the octahedral field of unit charges at o 4 it 
is 1-265 a.u., an increase of 1-21 a.u. A less projecting and more tightly bound 3/ orbital 
j tabilised by almost the full 67,/¢ 1-5 a.u., so that the excitation energy would be 


increased by 0-29 a.u., or 82 ev rhis example is an extreme one, but it shows that the 
free-atom promotion energy to, say, P(3s3p*3d) has little relevance to the conditions of 
molecule formation, and that an extra promotion energy of several volts may be required 


This effect is illustrated in Fig. 3, which shows the incremental energy A for promotion 
to the 3d orbital plotted as a function of the nuclear charge Z, 

[he most important feature in Fig. 3 is the strong dependence of A on Z, which shows 
that, although the overlap condition may be quite easy to fulfil over a considerable range 
of Z,, the energy condition is not; and in particular we should not expect bonds to be 
formed if the free atom orbitals are very weakly bound indeed, 1.¢., for 7, <= 0, even though 
the orbitals after contraction would overlap sufficiently. It can safely be predicted that 
the energy of promotion into the valence state would require more energy than is supplied 
by the resulting bond formation under these condition Also crude methods of assessing 
Z,, sich as Slater's rules, are not good enough for accurate energy calculations of this kind 
in view of the sensitivity shown in Fig. 3, although they suffice for the rather insensitive 

alculations of orbital size and overlap. Moreover, we find that for energies, much more 
than for orbital sizes, later terms in the potential (3) are important. These remarks must 
therefore be read in their context as applying to the zero-th order approximation 

Contraction in Fourth Quantum Level Orlntals.-The radial maximum of a fourth quan 
tum orbital of the Slater type occurs at r,, 16/Z,, or 16/9 times farther out than for a 
third quantum orbital of the same nuclear charg We expect for this reason that orbital 
contraction will operate more strongly for the same values of the parameters a, Z,, and Z, 
[his expectation is supported by the results in Table 2 which, except for the last column, 


are fora facu 
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Comparison with Fig. 1 shows, for example, that, for o 4 and Z, 1, a 3d orbital 

of unit nuclear charge has « 2-7, compared with 3-9 for a 4f orbital. However a more 


useful comparison, shown in the last two columns of Table 2, is between the wave function 
x/n calculated at o 4 for the 4/f orbital and at a 3 for the 3d These are 


exponent 
uggest that for other principal quantum numbers » one might estimate value 


close, and 
of « quite well by assuming the constancy of a/n evaluated for a nau 
condary kffects Two equivalent electrons In this and following sections we 
consider a number of factors which may be expected to modify the results obtained for a 
ingle electron in a spherically symmetrical field. It will be shown that within the range 
of values of the actual nuclear charge Z, for which contraction is important, the modifying 
factors are relatively unimportant 
In phosphorus pentafluoride with the valence-state configuration 353p°3d, and in the 
of a single exterior electron, the model already discussed can be applied. In 


ither case 


octahedral molecules of the sulphur hexafluoride type the central atom’s valence state i 
$53/p°3d* with two equivalent and weakly bound d electrons and it is necessary to consider 
the influence of interelectronic repulsion. The analogous model is a helium-like two 
electron system in the field of a bare nucleus surrounded octahedrally by positive charges 
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Even in the Z, 0 limit we now have to consider both the actual nuclear charge 7, and an 
etfective nuclear charge which we shall call simply 7. In the one-electron case the two are 
thesame. With two electrons Z becomes the effective charge required to minimize the total 
electronic energy, including interelectron repulsion. 7 is less than 7, on account of 
screening, as is well known in the treatment of the helium atom, and in the Slater theory 
of complex atoms. If we are to include electron repulsion explicitly in calculations of the 
properties of the two-electron system we must begin with the true nuclear charge Z, and 
should find that, in the absence of a perturbing field, the energy is minimized by a value 
of « close to the Z given by Slater's rules. Interelectron repulsion alone causes a decrease 
in eflective charge, t.e., an orbital expansion, which will be opposed and finally overcome 
by the octahedral perturbation 

Ihe energy of the two-electron valence-state may be found from the energies of 
stationary states of the same configuration. The energy of the appropriate valence state 
for two 3d, electrons is as follows, the d, orbitals being supposed inaccessible 


2I + F, — 6F, — 1 5F, (9) 


in terms of the Slater parameters ® /, and /, the single-electron binding energy. Evalu 
ation of the /’’s leads to the expression 2/ 0-O804« for the total energy. Fig. 4 shows the 
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i a 15, Z, l 

Without a perturbing field the energy is minimised by a = 7 — I-14, corresponding to 
a screening by one electron of the other equivalent to 1-5 1-14 0-36 electron, in close 
agreement with the Slater value of 0°35 The field being included, « 2H5 compared 
with the value 2-85 for one electron, for which there is no repulsion term, One sees there 
fore that the screening correction for interelectron repulsion is reduced by the perturbing 


field. This is a general result which we shall use in the following way Instead of using 
Z, for the calculation we use the Slater value of effective nuclear charge; then « in the 
perturbing field is an underestimate of the formally correct value based on Z, and explicit 


inclusion of interelectron repulsion. Since the under-estimation is small, usually much 


less than the upper limit 0-35, it is unimportant 
Higher approximations to the potential. Hitherto we have examined the effect on th 
the un pe rturbed atomic orbitals of the sphe ricall mmetrical first term of the pot ntial 
(3), which depends only upon the total charge —67, and its separation o from the central 
nucleu second and later terms depend also upon the polar angles 6 and g. As 1s well 
known, an octahedral field does not remove the three-fold degeneracy of the p orbitals but 
plits the five d orbitals into a doublet (d,) and a triplet (d,) of which the doublet is lower 


under our conditions of positive field source The second term of (3) causes the major 
part of this splitting. The energies of the split components may differ considerably and 
¢ Condon and the The Theory of Atomic Spectra,’ Cambridge Univ. Press, 1953, p. 202 
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orbital contractions must be calculated separately for them. In terms of the integrals 
we have for the perturbation energie 


d, (Z,/0) balk (2/3) okt} 
d, (Z,/a)/ bak, + okt! 


[he first term, common to both expressions, has already been discussed at length The 
econd term is now added and the total energy minimized, giving values of « for d, and d, 
lypical results for Z, 1-5, o 4a.u., are shown in Table 3 The zero-th order term 
ok’,, increases monotonically with ao, and it must increase the effective charge. The term 
ok!,, tabulated in an Appendix, approaches zero both at small and at very large values of 
xo, passing through a maximum at ao = 10-5. Near this maximum it varies slowly, and 
its influence on the rate of change of the total energy is correspondingly small. This is 
the reason why Table 3 shows no change in « from the inclusion of the second term in the 
potential in the first example. For o = 4 the maximum in of, occurs at « = 2-625, so 
that if the zero-th order term gives « > 2-625 the second term of the potential will decrease 
[his is too small an effect to be apparent in the first case in lable 3, but appears in the 
econd, where the larger charges Z, 4 cause larger magnitudes throughout Thi 
accounts for the fact that the d, orbitals, which are the more stable, have a lower « valu 
The d, orbitals, in the energy of which the ok}, term appears with negative sign, have a 
greater value than the d,, and greater than the zero-th order value in the last column 
In other cases (viz., small Z, and Z,) in which the energy corrections are less, this trend 1 
d, and, for « less than 2-625, the second term increases « values for d, and decrease 
lor a 3 the maximum in oR, is at the larger value « 3-5, so that in 
most cases of interest d, will be slightly more contracted than d, rhese effects of higher 
approximations are small because, in the interesting range of a, ok}, is a slowly varying 
function. Its magnitude however is considerable, and the splitting caused by it between 
d, and d, is 4°3 ey in the first of the two examples quoted in Table 3 


4 


[asLe %. Orlital contraction in an octahedral field Z, 5,4 $a.u 
ibe m ( a (d, t 
! 2°71 2-75 
‘ ‘ 75 

[he relative insignificance of the second term in the pot ntial applies only to small 
values of Z,. Large values of Z, bring in large values of a, and it becomes important 
that oft, falls off more slowly at large ao than does oR‘, so that the former becomes pre 
dominant kor Z, 6, 4 4, and field charges Z, 4 the values of « are a(d,) 56 
and a(d.) 6-3, both being determined by the second term in the potential [he interest 
in such extreme cases is only formal because at Z, 6 the orbital is already suitable for 
covalent-bond formation, and the change in size caused by the perturbation has a negligibl 
ellect on it overlapping powel! 

Values of the quantity oj,, tabulated in an Appendix, allow the analogous calculations 
to be performed on orbitals of principal quantum number 4; we shall not discuss these in 
detail The maximum value of of, is at « 4-5 fora 4, allowing the general conclusion 
that over most of the important range the second term in the potential will increase « for 
d, orbital Also because the variation is slow, the effect of this term is small as in the 
$d calculation 

lhe reasons for the particular types of variation in « which higher terms induce are 
inherent in the problem. The point charges which surround the central atom attract the 
electron in the central atom’s orbital, If this orbital is small compared with the radius of 
the charges it will tend to be expanded ; if it is large it will be contracted ; and the transition 
between these forms of behaviour will occur at a value of « for which the radial maximum 
of the orbital occurs at, or near, the charge radius «. Now the radial maximum is at 

n*/a, where n is the principal quantum number of the orbital; equating r,, with o 
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we find that the transition between orbital expansion and contraction is at as n*, o1 
at 9 a.u. for a 3 quantum orbital and 16 a.u. for a 4-quantum orbital. These values are 
not exact because the radial maximum is not exactly the measure of the quantity associated 
with the orbitals which determines whether they iwn outward or inward by the field, 
but it is fairly close. A more precise measure is the value ao at which the integrals of the 
later terms in the expansion have their maxima x0 10-5 and 18 for third- and 
fourth-quantum orbitals respectively, Under the conditions of our problem the orbitals 
require contraction to minimize their energy, and the zero-th term in the expansion 


alway 
) maximum, and consequently the 


of the potential overwhelms all others; this shows n 
presence of the maximum only shows itself through the 
later terms in the potential exert 

Fields of lower symmetry hese may be produced by 
Z, or in the distances between the central atom and the ligands or in both lo simulate 
conditions in, for example, AX,Y, molecules such as Sk',Cl, presumably both are required, 
but the effects of the variations are best examined separately [he first example is a 
trans-octahedral array consisting of two charges Z,, and four Z all at the same distance a 


minor modifying effects which 


variations either in the charges 


The potential i 
| (27 17..4)/¢ / (2 5 @,°(22 
\ 2/9 @,° 22 1-52, alr a”) (35/16 n'6cos 49 7 v/a) , (11) 


together with analogous expression for V, lhe perturbation energy corresponding to 
the potential (11) can be found by using tables in the Appendix. One finds that in the 
important range of Z, the major contribution to the energy is from the spherically 
symmetrical term which represents the potential of a charge 22 17... uniformly 


pread over a spherical surface of radius «. The later terms in the potential (11) remove 


$. Effective nuclear charge in trans-AX,Y, 
Ze nid nid 


most of the degeneracy of the orbital ivi mponent mmely dy, d » dy 7 


ind d,,, d,,, the last two remaining degenerate 


Kor each component the energy must 


be minimized with respect to the exponent a, for given values of the parameter ; ae 


In connexion with binding in molecules, 


Some values are given in Table 4 
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dy and dy_y are of special interest, the former being concerned mainly in the axial bond 
orbitals and the latter with ~,, p,, and s in the radial orbitals 
[he second extreme representation of asymmetrical molecules is in terms of variable 
bond lengths «, with the same Z, for all ligand groups. The important comparison 1s 
now between different molecules such as AX,Y,, AX,Y,, and the trend is illustrated by 
reference to ligands X and Y having the same charge Z, but separated from the central 
itom by 3 and 4 atomic units respectively Results are shown in the last two sets of 
fable 4. One sees that the effect of 2 or 4 of the more closely held ligand X on the exponent 
x is not too different from a linear interpolation between the extremes AX, and AY,. The 
effect is dominantly isotropic with only minor variations between different orbitals. Thus 
contraction is greater in all directions for the presence of some groups held by short bonds 
rhis might be important in molecules in which, by analogy with the properties of th 
model, one would expect that one or more groups held by short bonds (e.g., first-row 
elements) would extend their influence to all the groups present and so to strengthen all 
the bond 
lo complete this consideration of the less symmetrical fields we should consider 
developed by differences of charge and distance together However thu 
necessary Ihe effect of charge asymmetry is small compared with the 
oft ine total charge uniformly distributed, and smaller than the effect of change 
mad length. One finds that changing « from 4 to 3 causes the same change in « a 
bling the charges Z, at a constant o 4. Thus where both charges and distances alter, 
former may in general be neglected; and if only the charges vary it is clear that the 
consequent variations in « from orbital to orbital are small 
Interaction of the 3d with Other Atomic Wave I unction A full solution, of the 
perturbation problem calls for an expansion in a complete set of functions, such as the 
en-like atomic functions of nuclear charge Z, 8 referred to earlier The effect 
to allow flexibility in the form of the radial wave function and so to distribute 
nic charge between the central nucleus and the perturbing nuclei in the manner 
required to minimise the energy Such an expansion 1s not of course unique variation 
in the radial funetion provides for a charge drift which could be approximated in other 
ch as by using a wave function initially which allowed some migration of the 
electron into orbitals at the perturbing centre 
In the regular octahedral field, the number of different atomic wave functions able to 
irticipate in the expansion is reduced by symmetry. In this field a d atomic wave 
has components which transform as do the £ and 7, representations of the 
sroup, The same representations occur in wave functions of azimuthal quantum 
6,8 0 that the lowest wave function of other than d symmetry appearing 
xpansion is the 5g. The separation between orbitals » 3 and n 5 in the 
fields is several electron-volts and the influence of this orbital is negligible undet 
d the other conditions of the problem. The only important interconfigurational 
ing is with other orbitals of d symmetry, and of these the 4d is most prominent, on 
sunt of its being closest in energy to the 3d . 
We consider the wave function (12) in terms of which the importance of 3d and 4d 
iv be studied 


V(a 4) p. p, in 7 (12 


ind 4d wave functions are given the same effective charge «. Ihe energy may be 
d as follows, the new integrals Hl and 3B being tabulated in an Appendix 


(62,/a) R%,(aa) 


(67, a) TA ao in2 ¥(6Z a) (ac) 13 


Phe es of cos*y and « which make the energy a minimum under the conditions Z, | 


and t are given in Table 5 rhe examples, which are representative, show a marked 
energy depression by configuration mixing (1-8, 2-6, and 2-9 ev respectively) but only a 
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mall change in « Moreover the weight of the 3d function, given by cos*y, remains high 

showing that the properties of the mixed wave function will be dominated by the 3d 
component rhus we may expect that, for example, values of the overlap integral derived 
from a single contracted orbital will be close to values from the more complicated forms 
In a field of lower symmetry, mixing will doubtless play a somewhat larger part. 


PaBLe 5. The effect of 3d and 4d mixing for Z, la 1. 
uu 6Z,/a 
aa W mia 62,/a cos® ; \ 0) 
2-65 O17 au, B 7 0-235 a.u 
2-85 0-245 ; O34 
3-15 0-345 3:4 O45 


Summary of Conclusions based on the Model.—({i) Slater orbitals of principal quantum 
numbers 3 and 4 with free-atom effective nuclear charges in the range 0—3 are strongly 
contracted by point charges at a distance o equal to an average bond length. After 
contraction the effective nuclear charges « are usually in the range 1-5—5. Orbitals of 
principal quantum number # 4 are more affected than n = 3 

(ii) It may be inferred that similar but diminishing effects will occur for orbitals” 
and m 1, and increasing effects for m 5 and 6 

(iii) For low values of free-atom effective nuclear charge the predominant effect is 
isotropic, affecting all orbitals with the same radial dependence whatever their angular 
properties. Secondary directional effects are small, even in fields such as the axial field 
of two point charges. In the secondary effect orbitals directed towards the field charges 
are more contracted than others if very loosely bound, and less contracted otherwise; 
the transition occurs for n 3 orbitals at ao 10-5 and for those of n $4 at ao Is 

(iv) Because the contraction is mainly isotropic orbitals capable of ~-bonding are con- 
tracted nearly to the same degree as o-bonding orbital 

(v) The energy of electron promotion in the presence of the field is greater than the 
a, the charges Z, 
of the field sources and the free-atom effective charge Z,. The increment for 7, <0 is 
probably greater than the free-atom promotion energy. lor values of 7, appropriate to 
the 3d orbitals of S and P the increment may be about 5 ev in the zero-th order approxim 
ation, but less when terms of, higher order are included 

{pplication to Molecules.—The properties of the model systems may be calculated 
precisely or, if approximations are made, their effect can be foreseen. However, use of 
results for the model to interpret molecular properties requires assumptions of a far 
reaching kind. Some of them inherent in the overlap approximation have been discussed.! 
Others concern mainly the use of Slater orbitals for the central atom and simulation of 
the atomic fields of the ligand atoms by the coulomb field of a point charge. Our discussion 
is confined to the particular question of the feasibility of covalent bonding after allowance 
for increase in overlap of the contracted orbital of a central atom with the orbitals of the 
We shall not attempt to deal with the final determining factor in bonding, 
overlap and bond energy is not well 


free-atom promotion energy by an increment A depending on the distance 


ligand atoms 
namely, the energy, since the relation between 
established 

Slater functions are not very close approximations to 
but this is not serious in calculations of overlap integrals which, at best, can serve only a 
a rough guide to the bonds likely to be formed. As applied to our present calculations 
the po ition 1S no worse; indeed it is likely to be somewhat better since we are concerned 
to establish a specific effect upon highly projecting orbitals and only the finer quantitative 
aspects of this depend upon the form of the orbital. Equally, it is of secondary import 
ance for overlap calculations whether, the form of the orbitals being accepted, the 
exponents given by Slater’s rules for free atoms have 
It will be seen in the work described in earlier sections that the 
orbital varies more slowly than the Z, of the free-atom orbital, so that an error in the 
latter is cushioned. Finally, it has to be ensured that the Slater exponent can be identified 
with 7,/n, where n is the principal quantum number, in the model. Treating this point 


elf-consistent-field d orbitals, 


i precise quantitative significance 
value of « in the contracted 


1906 Craig and Magnusson 
first, we note that the Slater exponents are in principle derived by minimizing the total 
energy of an atom. This includes exchange as well as coulomb-type terms. If, as for 
example in the 3s3p*3d configuration of P, we have a single electron exterior to all the 
rest the exchange interactions of this electron are very small, and the eftect of all thi 
other trons on it differs little from the effect of the same total electronic charge amal 
gamated with the nucleu In this case we are quite justified in identifying the Slater 
effective charge with the actual charge 7, on the nucleus in the model. If there are two 
equivalent projecting electrons as in 3s3p%3d* the Slater value of the effective charge may 
be identified with Z, only when allowance is made for the mutual repulsion between the two 
electrons, as described earlier, and when exchange integrals of the other electrons with the 
outer pair may be ignored. The case would be quite different for an inner electron 
there the potential field is not even roughly that of point charge but has substantial non 
central coulomb and exchange contributions strongly configuration-dependent, and _ the 
behaviour of the electron could not be represented at all well in a one-electron model with 
the same nuclear charge. It turns out that only in the circumstances of a highly screened 
and loosely bound exterior electron can our model be applied; and fortunately this is the 
case ot interest 

The lield of Ligand Atoms.*—-To apply the model to molecules also makes it necessary 
to represent the field of a ligand atom by that of a point charge. The approximation 
nade in doing this can be brought out by considering a case intermediate in complexity 


between the model and real system [his is a central hydrogen-like atom with, as usual 
a loosely bound electron surrounded, not by point charges, but by other hydrogen-like 
atoms, introducing the possibility of bonding between the electron of the central atom and 
those of the surrounding atom rhe potential of the ligands now consists of the attraction 
of their nuclei minus the coulomb repulsions of the ligand’s electrons plus exchange term 

Evidently the dependence on distance of this composite potential will not follow the r! 
law at all closely, and the parameter 7, used in the model as the perturbing charge of the 
ligand can be no more than the parameter of a coulomb field which is equivalent in some 
ense to the true atomie field [he same holds in complex atoms. It is clear that at any 
point in the field of an atom there is a value of Z, which will give the value of the potential 
at that point provided only that the field is spherically symmetrical, and another which will 
give the field strength, but the values of each varywithr. Values of these quantities are given 
in calculations of the self-consistent fields of atoms and may be used in a useful comparison 
of the F Cl and Br For this purpose Table 6 compares values of Z,, the 
potential-determined nuclear charge, and Z,, the field-determined nuclear charge for the 


halogen atom 


halogens each at its single-bond covalent radius 
PABLE 6 S.C LF. Effective charges of the halogens at the ilent vadiu 
Covalent radiu au a ZY Ket 
| 1-21 O-7 2-6 S 
(| 1-87 es l 4 
| "2-16 O-7 l 10 


Differences between the halogen atoms should not be expressed primarily as difference 
in the charge parameter Z, since at the respective covalent radii the charges are nearly 
the same and show no clear trend We shall therefore assign to the halogens the same 

ilue Z,, and treat this as a parameter, taking values in the range 0-25-—4-0, which includ 


the likely values both of Z, and Z, in Table 6. The differences in behaviour between the 
halogens emerge as the result of different separations from the central atom and not of 
different perturbing charge rhe contraction is quite sensitive to changes in the distance 

{ t effect of ligand atoms is related to their electrone t but electrone ( 
ul t be used directly, since separate values are required for eflective arge and bond ler l ‘ 

" imated in the concept of electronegati ity 
| ard and Skinner, Chem. Rev., 1955, 65, 745 
P) Ki 1933, 44, 214 
H ee, Kronig, and Paterson, PA 1, 1933, 1, 8905 
Arnot and McLaughlan, Proc. Kk 1934, 4, 146, 662 
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parameter o, as has already been pointed out, and, since the bond-length difierences are 
considerable, the contractions vary substantially from F to Cl, and from Cl to Br. We 
should expect different Z, values for elements in different Periodic Groups, but variations 
in bond lengths should still play the more important part. It must be emphasized that 
this discussion of actual values for Z, is tentative Ihe fact that the ligand fields are not 
truly coulombic makes the choice of the ‘‘ equivalent '’ coulomb parameter rather uncertain 
broadly, to those molecules for which 


Ihe domain of applic ation of the model is 
rhe simplest are those 


covalent binding requires participation by loosely held d orbitals 
with 3d orbitals, for example, the halides of second-row elements and certain complex ions 
such as AlF,® and with 4d orbitals there are analogous halides and ions and as well the 
large and important class of transition-metal complexes with incomplete 3d shells. In 
some of these, both 3d and 4d electrons may be concerned the 3d by their electrostatic 
stabilization in the crystalline field, and the 4d in covalent binding. On account of their 
additional complexity we postpone dealing with these molecules and confine attention to 
the simple examples for which, moreover, overlap integrals are available 

In a following section we apply our work to two specific cases, namely, the halides of 
ulphur and phosphorus. The application of the model to these molecules has the following 
features: (i) for the central atom we use the effective nuclear charge calculated from 
Slater’s rules as the actual nuclear charge of a hydrogen-like orbital, treating inner electrons 
as fused into the nucleus. This applies to a single exterior d electron as in P(3s3/73d) 
with two equivalent electrons, as in $(3s3p73d?) interelectronic effects are allowed for 
either by using the Slater effective charge for the configuration 353p%3d and including 
precisely, by using the Slater exponent 


interelectron repulsion explicitly or, a little les 
the repulsion to be taken up in 


straightforwardly for the two-electron case and allowing 
the extra screening correction. (ii) For the ligand atoms we retain the fiction of a coulomb 
field but compute for a wide range of the coulomb parameter Z,. The same charge para 
meter is used for all halogens, differences being allowed to appear through the variations 
in internuclear spacings a. 

Application to molecules PX, and SX,4. The bond lengths in phosphorus penta 
fluoride and pentachloride are approximately 2-0 and 40 a.u. Ignoring small effects such 
as higher order terms in the potential, we work out the contractions as already discussed, 
for a range of charge parameters Z, and equating o to the bond length Ihe calculations 
are summarized in Table 7, in which a/3 is the exponent of the contracted 3d orbital 
Since our results depend only on the total charg 32, the octahedral field results for Z, 
0-25 apply dire tly to the trigonal bipyramid for Z, 0-30 and the same bond lengths 


FABLE 7. Contractions and p,-d, overlaps in PF, and PCI, 


PF, PC} 
Z a x3 7 a3 
0 OSS 0 Og 0 
3 3 O-7 0 t O68 0 
0-6 3 ov ool 4 Os re | 
1-2 3 | OOS 4 ov O17 
2:4 ] 1-3 O12 i 1a O?2 
is 3 1S O17 ‘ I 22 


In Table 7 the P-F bond length is taken as 3-0 a.u. to use values already tabulated 
Che overlaps are 2p,-3d, for PF, and 3f,-3d» for PCl,; the latter has been tabulated ! 
For all 7, the phosphorus orbital is more con 


and the former is given in an Appendix 
and the overlap associated with the 


tracted in the pentafluoride than in the pentachlorice 
contracted orbitals is comparable in the two examples although distinctly greater in the 
Small differences in overlaps may or may not be significant for bond strengths; 
fluoride than for the 


second 

the more important points are, first, that contraction is bigger for the 

chloride for the same effective charges Z,, and, secondly, that the d overlap becomes 
} 


comparable with the s—p and p-p overlaps for 7, values within the physically reasonable 
For example in the pentachloride the P(s)-Cl(p) overlap is 0-24 and the P(p)-Cl(p) 


range 
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overlap is 0-28, both little greater than the p-d values given at the end of Table 7. The 
sp*d covalent bond model in phosphorus pentachloride becomes tenable therefore once 
the contraction has been allowed for; and similar arguments apply to the pentafluoride 

In the hexahalides of sulphur we take o = 3 a.u. for the fluoride and « = 4 for the hypo 
thetical chloride rhe overlaps are found by interpolation in the tabulated values (Table 8) 
As before. the d overlap becomes considerable when the contraction is taken into account 
it is « omparable to the overlap of s and p orbits of S 


Table 8 
le Cl, 

is a ai3 ) a a/3 S 
0 O55 0 0-55 0 
O25 x | oO” Oo 4 7 0 
O45 4 ity 0-05 4 Os Ola 
0 3 Il 07 4 lo Old 
0 4 13 O12 4 | O-18 
ED 3 15 O17 4 1-2 20 


*-Bonding. ven in unsymmetrical fields all the d orbitals are contracted to about 
the same extent. For example in the “ square ’’ field of 4 equal charges Z, 2, one 
finds a(d, 315, «(dp ,) 3-05, «(d,,,dy,) 315 Ihe last orbitals are used for 
+ bonding in a square molecule, and the near equality of effective charge with the o-bond 
orbital shows that an environment which prepares diffuse d orbitals for participation in 
a-bond formation will allow m-bonding also if other conditions are met, such as availability 
of orbitals on the ligand atom. An example in which such =-bonding is important 1: 
ulphur trioxide, although here it is not necessary to invoke d participation in the o-frame 
vor) If the sulphur valence state is taken as 353f%3d or 35*3f°3d three o-bonds hold the 
trigonal shape, and one n-bond can be formed by using one of 3d,, and 3d,, or 3p,, the 
bond being shared between three sites. Alternatively if two electrons are to be promoted 
into the configuration 3s3p%3d?, three sp? bonds are supplemented by three pd* x-bonds 
Both possibilities have of course been long recognized; but we can now support them by 
the consideration that the-d orbitals concerned are capable of substantial overlaps with the 
2pr orbitals of oxygen. With a value of Z, 1-0 chosen to use available results, we find 
z(d,.) 2-8 The 3d,-2p, overlap integral for the S-O bond is 0-26, a value 
which would be increased in a p-d hybrid. One sees therefore that the overlap 
S requirements implicit in the suggestion of double bonding are amply met. The 
iin from the second electron promotion amounts to two extra =-bonds, and a 
trengthening even of the first, so that one might expect the sp*d* valence 
tate to be attained in this molecule, as in the structure (A 
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APPENDIX 2. Overlap integrals: S(2p,-3d,). 
pit* OS O-4 O3 2 Ol oo 
2 0- 1688 O-2411 O- 3106 03698 O4l24 04338 
3 0-1042 O-1349 O-1610 1831 00-2021 O-2183 
1 00-0216 O-O0078 O-OLOS 00-0268 00-0346 Ooze 
) 0-0382 O-O0770 O-1LT82 01539 L770 Oo 1826 
6 00-0675 O1L13 0-1548 O1OL7 2175 2286 
7 O-O740 Oil 0-1454 O1L730 o1049 . © 2060 
. 0-0675 0-0938 O-1163 01343 O- 1484 O- 1586 
y 0-O0558 OOTLY O-OR42 0-036 O1LOL7 1003 
10 00-0433 O-OS1L7 O-O570 Ooeoy 0-0046 00-0607 
pit* Ol O2 Os O4 Ob 

2 04313 04040 O 3540 O 2859 2076 

3 02303 0-2352 O- 2289 2077 O-L705 

4 O-OLITS O-O169 00-0495 OTTO 06-0900 

) 0- 1684 O-1354 O-ORS2 00-0357 mOL0S 

6 02226 O- 1985 01573 L038 O0473 

7 02083 0- 1968 00-1707 O-1300 Oo79o2 

s 01642 00-1630 miss 01277 0-0903 

y 01162 O-1210 1205 O1Llo6 -O878 
10 00-0761 O-O832 O-O886 O-ORS4 00777 


* Notation as in ref |! 
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956. Hydroaromatic Steroid Hormones. Part V.* Some 
pD-Homo-18 : 19-bisnorsteroids, 


By A. J. Bircn and Hercnet Smirx 


Syntheses of (+-)-p-homo-18 : 19-bisnortestosterone — (II; K H) and 
(+-)-p-homo-18 : 19-bisnorandrostane-3: 17-dione?t (1; K = H) from 1: 2:7:8 
tetrahydro-3 ; 10-dimethoxychrysene ! are described 


teroids lacking one or both of the 


In Part 1 * the reasons were given for believing that 
provided the stereochemistry 1s 


18- and 19-methyl groups should be biologically active, 
correct. This belief has been strengthened by demonstration of the androgenic activity of 
19-nortestosterone,*:* which was the first active androgen made by total synthesis, and 
later of other hormone analogues * ® all made by essentially the same process involving the 
reduction of an aromatic ring by means of metal-ammonia~alcohol reagents.® Recent 
work on the biosynthesis of steroids 7 shows that the angular methyl groups are essentially 
relics of the isoprene units in precursors, providing further grounds for beheving that suc h 

Several 19-norsteroid 


4.6 


groups may not be necessary or even desirable for biological activity 
hormones are in fact more biologically active than are the steroids themselves 

Alteration of the skeleton may result not only in alteration of the intensity of biological 
activity but in alteration in ratios of activities when a hormone possesses more than one 
type of activity. Male hormones in particular have an anabolic activity which is of great 
therapeutic interest and would in an ideal anabolic agent be divorced from the typical 


* Part IV, Birch and Harrisson, Austral. ]. Chem., 1955, 8, 519 
+t These compounds are given steroid numbering to facilitate comparison with this series; various 


intermediates are numbered systematically as chrysene 


' Collins and Smith, /., 1956, 4308 
* Birch, J., 1950, 367 

Birch, Ann. Reports, 1950, 47, 210 
* Miramontes, Rosenkranz, and Djerassi, /, Amer Chem 1953, 75, 4440 

sandoral, Miramontes, Rosenkranz, Djerassi, and Sondheimer, ibid, p. 4117; 1955, 77, 148 


derivat ‘ 


* Birch, /., 1944, 430, and later papers; Wilds and Nelson, /. Amer. Chem. S 1953, 75, 5355 
i g., Clayton and Bloch, J. Biol. Chem., 1956, 218, 305, 309 
Tore > Se eer eee ee) oe. a: amaay 
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androgenic activity. That such a separation of activities is possible can already clearly be 
een in the norsteroid series. 19-Nortestosterone has an anabolic : androgenic ratio of 
about 2-5, compared with testosterone; and the p-homo-19-nortestosterone reported in 
Part IV * has a ratio of about 6. Recently * it has been reported that for 17-ethyl-19- 
nortestosterone the ratio is 16. We now report further work aimed at examining the effect 
on biological activity of omitting the 18-methyl group, with retention of the natural steroid 
tereochemistry 

rhere seems reason to believe that cyclopentenophenanthrene derivatives would be 
active in absence of the 18-methyl group, provided the c-p ring junction is trans.* In 
view of the difficulty of synthesising such compounds we have initially been concerned with 
b-homo-18-norsteroids with a readily attainable C—D-trans junction. Since this suggestion 
regarding activity was originally made,? some confirmation has been obtained by W. S 
Johnson and his collaborators who showed that (-+-)-p-homo-18-norandrostane-3 : 17 
dione *® (I; R Me) is as active androgenically as (4-)-androstane-3 : 17-dione itself. 
However, it later appeared that D-homo-18-nortestosterone '° (II; R Me) is inactive 
although the acetate and propionate possess one-tenth of the androgenic activity of the 
corresponding testosterone derivatives. Our own initial attempts '! in this field were 
unsuccessful owing to failure to prepare appropriately substituted chrysene derivatives, 
but a mixture of steroisomers of what is probably an 11-hydroxy-D-homotestosterone (II1) 
was shown to possess weak androgenic activity.” 

After the start of our work on the synthesis of the ketone (II; R H), Johnson, Dehn, 
and Chinn ' reported its synthesis by a rather difficult route and stated that it was inactive 
as an androgen. It appeared to us desirable, however, to examine its biological activity 
further and to develop methods which could be adapted to the preparation of re lated 
compounds carrying the side-chains characteristic of other hormones. In view of the great 

tructural specificity already demonstrated for androgenic activity there is clearly still 
some possibility that activity will be found in analogues of other hormones. Also, since 
the diketone (I: R Me) is androgenic whilst the keto-alcohol (II; R Me) is not, we 
have prepared the analogue (1; R = H) for comparison with the compound (II; RK = H) 

Ihe ready synthesis of the desired starting material, 1 ; 2:7: 8-tetrahydro-3 : 10- 
dimethoxychrysene (IV) is described elsewhere.’ * Reduction of this compound with 
odium and boiling butan-l-ol gave a mixture of the cis- and trans-1:2:7:8: 14:17 
hexahydro-3 ; 10-dimethoxychrysene. The major, higher-melting, and less soluble 
isomer * was assigned the ¢vans-configuration (V) by analogy with the known properties of 
the cis- and trans-forms of 1 ; 2: 7:8: 14: 17-hexahydrochrysene '4 and 1:2:7:8:14:17 
hexahydro-4 : 10-dimethoxychrysene !® and by taking into account the known results of 
reducing |: 2:7: $-tetrahydro-4 : 10-dimethoxychrysene with the same reagent.’ In 
the sequel this conclusion proved to be correct. The trans-isomer could be obtained in a 

atisfactory state of stereochemical purity by crystallisation of the reaction mixture under 
controlled conditions, Reduction of the tetrahydro-compound (IV) with potassium in 
isopropyl alcohol, or with sodium or lithium in liquid ammonia, was less satisfactory as 
regards both the total yield and stereochemical specificity. Reduction of the hexahydro 
compound (V) with lithium (60 g.-atoms) and ethanol in liquid ammonia followed by 
treatment of the product with mineral acid gave an af-unsaturated ketone C,,H,,O, 
produced by reduction of one of the aromatic nuclei. It is known that 1: 2:3: 4-tetra 
hydro-6-methoxynaphthalene undergoes reduction with alkali metal and alcohol in liquid 
ammonia much more readily than the 5-methoxy-isomers,'® and hence it was taken as 


* We are informed by Dr. J. Walker that he and Dr. P. A. Robins have prepared eeragmpeen’ by 


in lependent route which was reported at a meeting of the Chemu al Society on February 16th, 1956 
*" Chem. king. News, 1956, 34, 2134 
fohnson, Lemaire, and Pappo, / {mer. Chem. Soc., 1953, 75, 4866 
] ! n, Bannister Pappo and Pike, thid., 1955, 77, 817 
Hirch and Smith, /., 1951, 1882 


bir ind Ouartey, Chem. and Ind., 1953, 489 
| nson, Dehn, and Chinn, /. Org. Chem., 1054, 19, 670 
‘ Kamage and Robinson, /., 1933, 607 
Lewis, Ramage, and Robinson, /., 1935, 1412; Wilds and Sulton, /. Org. Chem., 1951, 16, 1371 
Murray, and Smith, /, 1951, 1945 
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virtually certain that this ketone has the structure (V1) derived by reduction of the 1:2: 4 
substituted benzene ring. The light absorption supported this view. Although the 
position of the maximal ultraviolet absorption (233 my) is at a lower wavelength than would 
be pred ted (244 my) on the basis of a modified version of Woodward's rules,!? certain 
imilarly substituted steroid ketones, e.g., 3: 12-dioxochol-4-enic acid !* and 11-deoxy-17 
hydroxycorticosterone !® show deviations of this order. Reduction of the 1:2: 3-sub 
stituted benzene ring could lead theoretically to two «$-unsaturated ketones, (VII) and 
(VILL), resulting respectively from the 5: 15- and 4: 16-dihydro-derivatives. The former 


O OH OH 
Pig ae H H | 
1 ” ae 1 HO —— ~ 
H | H | H| | 
rs Be Ys A s ‘e H 
id } “ a 4 ~~ 
IH H H 
| 
4 A : J oO fA af QO Z 7 
H (1) (Hh) (Hit) 
OMe 
ee — 7 A ; 
oo 5 : ‘4 , 
™ soe . 4 7 
¢ iY Y ba a a Y 
| \ 0 | SH 
MeO - J a5 MeO BA aw a} 
R + : i : 
(IV) (V) (VI) 
2 ind other formula for (+-)-compounds imply the presence of an equal amount of the 
enantiomer lor these formula, and the resulting names, the hydrogen atom attached to C,,, in the 
teroid skeleton (( in the hydrochrysene skeleton) has arbitrarily been taken as in the a-configuration 


a) 


or 


should absorb around 249 muy, the latter around 227 my The infrared absorption 
pectrum shows bands at 789, 742, and 712 cm. ' which are consistent with the presence of 
al: 2: 3-trisubstituted aromatic nuleus; *° there is no strong band in the 860-800 cm.~! 
region and hence a 1 : 2; 4-trisubstituted benzene ring such as would be present in (VII) or 
(VIII) is contraindicated.*! These conclusions were later verified. The configuration of 
the hydrogen atom attached to Cag) is unknown but is established during a bond-migration 
reaction known to generate the thermodynamically most stable isomer.'! Therefore the 
expectation is that the hydrogen atom at Ci,4) will be trans to that at Cay, 1.¢., 6 as repre- 
sented in (VI). In this connection it is relevant that rotational evidence as well as the high 
physiological activity is consistent with the assumption that the ¢-configuration obtains at 
Cryq) (Steroid numbering) in the 19-norhormones similarly formed by reduction of oestrone 
derivatives. !!. 24 

rhe reaction of the keto-ether (VI) with ethylene glycol in benzene in the presence of 
toluene-f-sulphonic acid proceeded normally. With a@-unsaturated ketones dioxolan 
formation proceeds with a shift of the double bond to the ¢y-position 4 which in the case of 
the substance (VI) can be either the 8(18)- or the 13(18)-position. The infrared absorption 
pectrum of the ketal which shows bands at 830 and 826 cm.! is consistent with the 


bieser and Fieser, Natural Products Kelated to Vhenanthrene 3rd edn., Keinhold Publ 

Corp., New York, 1949, p. 190 
'* Sawlewicz and Reichstein, Helv. Chim. Acta, 1937, 20, 949 

”% Keimhstein, thid p 953 


Hellar The Infra-Red Spectra of Complex Mole ‘ Methuen and Co. Ltd, London, 1954, 
p 66 
2! Ref, 20, p. 67 
a ! /., 1952, 2916; Wilds and Nelson j fmer. Chew 1953, 75, 5366 
he lz and tavely, Abs. 102d Meeting Amer Chem \tlanti City N J , 1941 
30m; P Arth, Beyler, and Sarett, /. Amer. Chem ., 1953, 7§, 423 
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of a trisubstituted ethylenic centre “ and therefore favours the structure (1X), 
rhe point is of 


pre Aric 


although there 3 ome evidence for inhomogeneity in the product 


no practical importance here, however, since acid hydrolysis will generate the same 
24-unsaturated ketone. 
iL A OMe 
ey ge 
f D 
~~ ee 
VIN) (VIN) 0 
VW 


(IX) 


' oy “ ‘a ‘ 
j es ” “™N *) 


Pt Pa. = od A os 


VY 
(X1) (X11) (XH 


Keduection of the ketal-ether (IX) with lithium (300 g.-atoms) and ethanol in liquid 
with aqueous-ethanolic oxalic acid and treatment of the 


unmonia followed by hydrolysi 
majo! product, an «@-un 


muct with aqueous-ethanoli odium acetate gave, as the 
aturated ketone ¢ aot lags, the ultraviolet absorption (unax, 248°5 my) of which is in good 
nt with that predicted for structure (X). A minor product, arising from the 


agvTecinen 

reductive removal of the 3-methoxy group Was a diene ¢ vo tly! dy, 10 which one double bond 
is presumably in the 8(18)-position, and the other forms part of ring Db. As a point of 
theoretical interest, we have attempted to obtain further information about the position 
of this double bend by determining the ultraviolet absorption of the diene in the 200 


From the data given by Bladon, Henbest, and Wood * for steroid olefins 


220 mu region 
20) could not have resulted from the 


it appears that the low e values at 215-220 my (10 
iddition of the curves for a trisubstituted and tetrasubstituted olefinic centre, and so the 
15(16)-position for the second double bond is excluded. The curve corresponds most 
closely to that produced by the addition of the curves for two trisubstituted olefinic centres 
ilthou the presence of a disubstituted double bond cannot with certainty be excluded 
It rises smoothly from e 1500 at 215 mu through ¢ 7000 at 210 my and flattens to e 10,000 at 
200 mu Phe diene therefore probably has structure (XI) 

Reduction of the ketone (X) with lithium and ethanol in liquid ammonia followed by 
treatment with hydrochloric acid gave a hydroxy-ketone, m. p. 215—218°, dAmax, 240°5 my 
which, on the basis of its infrared absorption spectrum and a mixed-melting-point deter 
mination, proved to be identical with the compound believed to be have structure (II; 
I H) prepared by Johnson and his co-workers.“ The sample of D-homo-18: 19 
bisnortestosterone prepared by Johnson was obtained from the intermediate (XIII) 


which has been converted into cestrone.2® Hence the only elements in the structure (1) 


remaining unproved are the configurations of the hydrogen atom at Cq,) and the 3-hydroxyl 


group. It is known that the reduction of carbon-carbon multiple bond systems with 


dissolving metals in liquid ammonia usually affords the thermodynamically most stable 
ner,!+*? and on the basis of this rule it would be predicted that reduction of the keton 
Kef 20, p, 44 
bla i, Henbest, and Wood, /., 1952, 2737 
Gutsche, Shelberg, and Chinn, /. Amer, Chem. Soc., 1952, 74 


Joh } anerjee, Schneider, 


[sit Ouart. Rev., 1950, 4 69 tarton and Robinson, /., 1954, 3045 
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(X) should give a product having the asymmetric centres in the alternating ‘rans-configur 
ations and the 3-hydroxyl group in the $(equatorial)-configuration, and on acid hydrolysis 
the form (II) should result. Unpublished work has shown that, depending on the con 
ditions, this rule need not be generally valid; it should however apply in this case 

Reduction of the ether (V) with lithium (250 g.-atoms) and ethanol in liquid ammonia 
and treatment of the product with hydrochloric acid gave a diketone (XIL) whose structure 
foliows from its identity with the product obtained by acid hydrolysis of keto-ketal (X). 
Further reduction of this diketone (XII) with lithium in liquid ammonia gave a saturated 
diketone which should be #728 the androstane-3 : 17-dione analogue (1; R =H). The 
same compound was obtained by reducing the unsaturated diketone (X11) with lithium 
and alcohol in liquid ammonia and oxidising the product in acetic acid solution with 
chromium trioxide. 

fests on the compounds (I; R = H), (II; R = H), and the propionate of the latter 
in capons showed no androgenic activity in doses up to | mg Johnson, Dehn, and Chinn 
howed that the compound (II; R H) has no androgenic activity but has a high 
myotrophic activity. Compounds of this type may therefore prove to be useful anabolic 
agent Further work is in progres 


— 


EXPERIMENTS 


I vaporations were carried out under reduced pressure Light petroleum means the fraction 
of | ». 60-—-80° unless stated otherwise. M. p.s denoted (IX) were determined on the Kofler 
block and are corrected Absorption spectra were determined by Mr. F. Hastings under the 
general supervision of Dr. F. B. Strauss. Infrared spectra were determined for Nujol mulls 

trans-l:2< 7:8: 14: 17-Hexahydro-3 : 10-dimelhoaychrysen (V) Sodium (95 gg.) Was 
vdded to a refluxing solution of 1: 2:7: &tetrahydro-3: 10-dimethoxychrysene! (2 g.) m 
redistilled butan-l-ol (250 c.c.) After 30 min. sodium (6:5 g¢) was added and the refluxing 
continued until dissolution was complete (1-5 hr.) On cooling, water (200 c.c.) was added and 
the mixture set aside in the refrigerator, After 48 hr. the precipitate was collected, washed 
thoroughly with water, dried, and reerystallised from ethanol to give the almost pure trans 
hexahydrodimethoxychrysene as fine needles (0-81 ¢ m. p. 127-—130° (sintering at 123°) 
Chis preparation was used in all subsequent reductior After recrystallisation from ethanol 
and then ethyl acetate it had m. p. 132-5—-134-5 \ portion (300 mg.) in benzene was adsorbed 


on alumina (15 g.), and the column eluted with light petroleum and light petroleum containing 
increasing amounts of benzene, Light petroleum—benzene (9: 1) eluted a fraction which, on 
recrystallisation from light petroleum-ethyl acetate, gave trans-1: 2:7: 8; 14: 17-hexahydro- 
3: 10-dimethoxychrysene (V) as long fine needles, m. p. 133-5—-134-°5° unchanged on further 


crystallisation (Found C, 81-6; H, 7:3. Cy oH, requires C, 81-6 H, 7°59 Light 
- 


, aa 2 0 
absorption in EtOH : 4,,,, 273 (shoulder), 279, and 286 (shoulder) my (¢ 3100, 3700, and 2100) 
Ether (250 c.c.) was added to the mother-liquors after separation of the crude trans-compound 
and the organic layer was separated, dried, and evaporated to an oil which was dissolved in a 
little ether Next day the deposited crystals were washed with ether and ethanol and 
recrystallised from ethanol to give the almost pure cis-hexahydrodimethoxychrysene as stout 
prisms (0-23 g.), m. p. 115-5-—116-6 Purification by chromatography as with the trans 
isomer gave the cis-l : 2: 3:4: 14: 17-hexahydro-3 : 10-dimethoxychrysene, m. p. 119-5-—120-5 
unchanged on further recrystallisation and depressed on admixture with (V) (Found: C, 81-6; 


H, 75%). Light absorption in EtOH : 2,,,, 271 (shoulder), 279, and 287 (shoulder) my (¢ 2400, 
2000, and 1800 Che oil (0-54 g.) from the ethereal mother-liquors gave with Brady's reagent 
a gummy 2: 4-dinitrophenylhydrazone The combined oils from a number of similar reductions 


were hydrolysed with hydrochloric acid in ethanol, and the product chromatographed 
on Florex Benzene eluted a small quantity of a ketone, m. p. 208—-211°, identical with 
1:2:7:8:10: 11:12: 13: l4a: 176-decahydro-3-methoxy-10-oxochrysene (below) (found 
C, 80-5; H, 7-8. Calc. forC,,H,,O,: C, 80-6; H, 7-9%) 


1:2:7:8: 10:11:12: 138: 4a: 176-Decahydro-3-methoa 10-oxochrysene (V1),.—trans 
1:2:7:8: 14: 17-Hexahydro-3 : 10-dimethoxychrysene (1 g.) in tetrahydrofuran (70 c.c.) 
was added with stirring to a solution of lithium (1-45 g.) in liquid ammonia (200 e. ethanol 
(18 c.c.) was added dropwise during 20 min When the blue colour was discharged (5 min.) 
water (150 c.c.) was added and the mixture was extracted with ether (4 x 100 €.c.) [he ether 


** Barton, Lxperientia, 1960, 6, 316, and subsequent paper Johnson, iid., 1951, 7, 315 


1014 birch and Smith : 
olution was washed with water, dried, and evaporated in a stream of nitrogen to a gum which was 
dissolved in ethanol (75 c.c.)~—6n hydrochloric acid (18 ¢.c.) at 60 The solution was refluxed 
under nitrogen for 45 min Water (100 c.c.) was added to the cooled 
was extracted with ethyl acetate-ether (1:1; 4 x 50 c.c.) The 


solution, and the mixture 
extract was washed with 
water, dried, and evaporated to small bulk The precipitate was recrystallised from ethyl 
acetate to give 1:2:7:8:10: 11:12:13: 14a: 176-decahydro-3-methoxy-10-oxochrysene (V1 
as fluffy crystals (0-37 g.), m. p. 208—210 The analytical sample had m. p. 211-—-212° (Found 
(, 80-8; H, 78%) Light absorption in EtOH : Amax. 293, 271 (infi.) and 280 (e 23,900, 2800, 
und 2300 Infrared absorption: bands at 1669, 1616, 1600, 1580, 789, 742, and 712 cm.'! 
[he mother-liquors from the crude ketone (VI) contained an oil (0-36 g.) which was dissolved 
in light petroleum—benzene (1:1; 20 ¢.c.) and adsorbed on Florex (15 g.) The column was 
washed with light petroleum containing increasing proportions of benzene Jenzene (120 c.« 
ana benzene-chloroform (4:1; 30 c.c.) eluted fractions which on recrystallisation from ethy! 
acetate gave a further quantity (0-13 g.) of compound (VI), m. p. 208—209 Recrystallisation 
of mother-liquors gave a further crop (0-06 g.), m. p. 208-209 
10-/-thylenedioxy-1:2:7:9:10:11:12:13: 14a: 176-decahydro-3-methoxychrysene (1X 
The above decahydromethoxyoxochrysene (0-58 g.) was refluxed in benzene (35 c.c.) with 
ethylene giycol (0-5 ¢.c.) and toluene p-sulphonic acid (ca, 20 mg.) for 4-5 hr under a Dean 
tark trap Ihe cooled solution was washed with saturated sodium hydrogen carbonate 
ution, then water, dred, and evaporated to a crystalline residue which was dissolved in 
benzet! livht pt troleum (1° 3 15 c.c.) and adsorbed on Fk lorex - [he same solvent 
mixture eluted a series of fractions, with m. p.s varying from 5-56-——117° to 124——128 
intering at 120°), the infrared absorption spectra of which were almost identical The 
combined fractions were recrystallised from light petroleum, to give 10-ethylenedioxy 
1:2:7:9: 10:31:12: 13: l4a: 17$-decahydro-3-methoxychrysene IX) (0-45 g.), m p 
115 f Found: C, 77-7; H, #1 C4, Hy,0, requires C, 77:3; H, 80% Infrared absorp 
10On inds at 1597, 1580, 830, and 826 cm! 
l0-/thylenedioxy-1:2:3:4:5:6:7:8:10: 11:12: 18: 14a: 176-tetradecahydro- 3- oxo 
chy } x Ihe foregoing ethylenediox ydecahydromethoxychrysene (0-53 g.) in tetrahydro 
furan (50 ¢.c.) was added with stirring to liquid ammonia (200 c.c.) containing lithium (4 ¢ 
ethane BO O¢ was run in as quickly as possible When the blue colour had been discharged 
15 min.) water (150 ¢.c.) was added and the product obtained in the usual way It was 
dissolved in ethanol (60 ¢.c.), and oxalic acid dihydrate (0-92 g.) in water (12 c.c.) was added 
[he solution was kept at 25° for 45 min. and an excess of saturated sodium hydrogen carbonate 
olution was added The mixture was extracted with ether (4 75 c.c.), and the ethereal 
olution was washed with water, dried, and evaporated to a gum The latter was dissolved 
in ethanol (40 c.c.), and fused sodium acetate (9 g.) in water (10 c.c.) was added and the solution 
refluxed under nitrogen for 1 hr Water (100 c.c.) was added to the cooled solution, and the 
mixture thoroughly extracted with ether (4 x 75 c. Ihe gummy product was dissolved in 
light petroleum-—benzene (3; 1 10 ¢.c.) and adsorbed on Florex (20 g The column wa 
washed with light petroleum (120 c.c.) Elution with light petroleum benzene (3°: 1 
LOO ¢ gave a fraction which was recrystallised from light petroleum (b. p. 40-60 
probably 10-ethylenedioxy-1:2:3:4:5:7:9:10: 11:12: 13: l4a: 15: 176(o1 
6:6: 7202602 31258: 38: ide 7%)-tetvradecahydrochrysene (XI) as needle 
4) me m, p. 120-—-122° (Found C, 80-3 , 92 ( setiggs requires C, 80-0; H, 9-3 
Infrared absorption bands at 860 and &31 cm.“ Elution with hight petroleum containing 
increasing proportions of benzene gave a series of oils. Elution with benzene (total 350 c.« 
benzene-ether (10:1: 75 c.c.), and benzene-ether (9: 1 5O cx gave a series of nine 
fractions with m. p.s varying from 113-—-119° to 133-—-137-5°, the last six all being over 
130 The infrared absorption spectra of all nine fractions were almost identical Lhe 
combined fractions were recrystallised from ether at 10 to give 10-ethylenedioxy 
3:43:6:6:7:80: 30: ii 12:13: l4a 173-tetrvradecahydvro-3-oxochrysene (X) (0-143 zg 


p. 132--136° (Found C, 764; H, 85. Cy gH,,O, requires ¢ 76:4; H, 83% I ight 
tion in EtOH ) 2485 mu (ec 12,500 Infrared absorption bands at 1661], 1618 
ul 316-5 em." 


[he oxo-ketal (X) (60 mg.) was refluxed in ethanol (25 « 6n-hydrochloric acid (6 « 


under nitrogen for 45 min rhe partially crystalline product was washed with ether and 
recrystallised from ethyl acetate to give 1:2:3:4:5:6 10:11:12:13: 142: 176 
tetradecahydro-3 : 10-dioxochrysene (XII) (20 mg.j, m. p 7-150 undepressed by the 


inple prepared as below and possessing the same infrared absorption spectrum 
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ES Oe RF PF j b 10: 11 12: 13: l4a 15% : 16a 173-Hlexadecahydro -3-hydy 
oxochyvsene (II: Hi The above oxo-ketal (X 143 mg.) in tetrahydrofuran 
was added with stirring to a solution of lithium (250 mg.) in liquid ammonia (100 c. After 
3 min, ethanol (5 c.c.) was added dropwise during 15 min After the blue colour was dis 
charged (15 min.), water (80 c.c.) was added and the mixture extracted with chloroform The 
product was dissolved in ethanol (25 c.c.) and refluxed under nitrogen with 6n-hydrochiorx 
acid (6 ¢.c.) for 40 min rhe product was washed with a little ether to give slightly yellow 
crystals (82 mg.) which were dissolved in benzene (15 ¢.c.) and adsorbed on Florex (6 g.) The 
column was first washed with benzene (70 c.c.) Further elution with benzene and benzene 
containing proportions of chloroform up to 50% eluted a series of crystalline fractions 

The first two were rejected and the remainder recrystallised from benzene, to give the 

3:4:5:6:7:8:10:11:12:13: 14a: 156: 16a: 176-hexadecahydro-3-hydroxy-10-oxochrysene 

H) as long needles (45 mg.), m. p. 208--213°(IX) undepressed by the sample prepared by 

Johnson, Dehn, and Chinn,** and possessing the same infrared absorption spectrum (Found 
C, 78:6; H, 9-55. Calc. for C,,H,,O,: C, 78-8; H, 9-4% Light absorption in ethanol: 4, 
240-5 mu (e 17-000) | Johnson and his co-workers give m. p. 211-5-—-213° and d,,,, 240-5 (¢ 17,000) 
Infrared absorption: bands at 3401, 1650, and 1631 em.'. This compound, purified further 
by chromatography on deactivated alumina, gave a sample which after two further recrystallis 
ations from benzene had m, p. 215—218°(KX 

[he propionate was obtained from light petroleum (b. p. 40--60°) as needles, m. p 
152—-155° (kk) (Found C, 75°38; H, 8-95. C,,HyO, requires C, 76-4; H, 91%) Infrared 
absorption : bands at 1733, 1667, 1618, and 1187 cm 

1:2:3:4:5:6:7:8: 10: 11:12:13: 14a: 178-Tetradecahydro-3 : 10-dioxochrysene (X11) 

Ihe hexahydrodimethoxychrysene (V) (1 g.) in tetrahydrofuran (100 ¢.c.) was added with stir 
ring to liquid ammonia (300 c.c.) containing lithium (6:2 g Ethanol (100 ¢.c.) was run in 
as quickly as possible and when the blue colour was discharged (30-60 min.) water (300 ¢.c.) 

was added and the mixture extracted with ether The gum obtained by evaporating the ether 
olution in a stream of nitrogen was dissolved in ethanol (75 c.c.) and refluxed with 6N-hydro 
chloric acid (18 ce. under nitrogen for 45 min Water (100 cx was added to the cooled 
olution, and the mixture was extracted with ether-ethyl acetate (1: 1 4 5O ©.c,) Lhe 
product was dissolved in benzene-light petroleum (1:1; 20 ¢.c.) and adsorbed on Florex 
(30 2 The column was eluted with the same solvent mixture, with light petroleum containing 
increasing amounts of benzene, benzene, and benzene containing increasing amounts of chloro 
form Benzene—chloroform (1:1) and benzene-—chloroform (1:3) gave fractions which on 
recrystallisation from ethyl acetate gave 1:2:3:4:5:6:7:8: 10: 11:12: 13: I4a: 176 
tetvradecahydro-3 : 10-dioxochrysene (X11) (110 me » 145-150 A sample recrystallised 
for analysis had m. p, 149-—150° (Found: C, 79! f CigllygOy requires ©, 80-0; 
a 15%) Light absorption in KtOH , { 25, 500) Infrared absorption 
bands at 1664 and 1626 cm."! 

3:4:5:6:7:8:9:10:11:12:136: l4a : 166: 16 73: lk¥a-Ocltadecahydro-3: 10-di 
ene 1) The tetradecahydrodioxochrysene (X11) (2 my.) in tetrahydrofuran (20 c.c.) 

wa idded with stirring to a solution of lithium 5 mg hquid ammonma (50 c.<« 
After 10 min. ammonium chloride was added to discharge the blue colout The product was 
dissolved in benzene (25 c.c.) and adsorbed on Florex (10 ¢ Benzene (125 c.c.) and benzene 
chloroform (9: 1; fi c.) eluted fractions which on recrystallisation from ethyl! acetate-light 
petroleum gave |: : 3:4:6:6:7:7:86:8: 10: 33 12: 136: 14a: 158: 162 76 l8a-ocltadeca 
hydro-3 : 10-dio ysene (I; BK H) as slender needle 39 me 156 57° (Found 
C, 78-6; H, 96. C,,H,,O, requires C, 78-8; H, 9-5 Infrared absorption: band at 1706 
cm,! Benzene—chloroform (9: 1, 25 c¢.c.; 4: 1, 50 c.« 3: 2, 25 ¢.c.) eluted fractions which 
on recrystallisation from ethyl acetate gave a hydroxy-ketone, m 200.203", giving infrared 
absorption bands at 3367 and 1706 cm.! Jenzene-chloroform (3:2; 75 ¢.c.) next eluted a 
fraction which after recrystallisation from ethyl acetate had m. p. 257--259° and is probably 
a diol (infrared absorption band at 3247 cm.~'). 

In one experiment in which a sample of (XII) having m. p. 140-145” was used, benzene 
eluted first from Florex a small quantity of a dione obta d from light petroleum-ethyl! acetate 
as needles, m. p. 167-168 depressed on admixture w Kx H) (kound: C, 79-0; H, 9-6 
Cy gH,.0, requires C, 78-8; H, 9-5%), with infrared absorption bands at 1721 and 1701) cm,! 

4) The tetradecahydrodioxochrysene (XII 110 mg.) in tetrahydrofuran (10 c.c.) was added 

to a solution of lithium (112 mg.) in liqu mona (100 c. After 15 min., 


as added during 10 minutes, and wher : blue colour was discharged water 
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(50 c.c.) was added and the product collected in chloroform. It was dissolved in acetic acid 
(3 c.c.),and a solution of chromium trioxide (82 mg.) in acetic acid (3-6 c.c.)~water (0-4 ¢.c.) was 
added After 23 hr. at room temperature the mixture was worked up in the known manner, 
to give an oil which was dissolved in benzene (5 c.c.) and chromatographed on Florex (5 g.) as 
under (a), yielding the perhydrodioxochrysene (I; R H) (25 mg.), m. p. 158—159° undepressed 


by thy specimen as prepared as under (a) 
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957. Germanium Esters. Part 1. Parachors and Molecular 
Structure. 
By D. C. Bravery, L. J. Kay, and W. WakpLaw. 


[he alkyl orthogermanates, Ge(OR),, where K Me, Et. Pr", Pr', Bu", 
I bu, But, nC.H,,, and CMe,Et, have been prepared either by 
reactions involving the tetrachloride and the appropriate alcohol in the 
presence of ammonia or by alcohol interchange [he latter method failed 
to produce Ge(OBu'), from Ge(OFt), owing to steric hindrance. The 
densities and surface tensions of the germanium esters were accurately 
measured between 26° and 40° and molecular volumes and parachors were 
calculated The parachors, analysed by Gibling’s method, showed con 
iderable deviations from additivity which were identified by conformational 
inalysis with volume losses caused by overlap of van der Waals fields in 
the preferred conformations Parachor data on normal alkyl orthocarb 


onates and orthosilicates were similarly considered, 


lis work was initiated to try to establish the structural behaviour of compounds having 
the molecular formula M(OAIk),, where M is a central atom linked tetrahedrally to oxygen. 
In particular, information on systems containing no major intermolecular bonding between 
metal and oxygen was required and compounds of carbon, silicon, and germanium appeared 
to satisfy this requirement. Germanium esters were chosen first because little is known 
of their physicochemical properties and secondly because we were able to prepare esters 
containing primary, secondary, or tertiary alkyl groups whereas the preparation of 
branched-chain orthocarbonates or orthosilicates is difficult owing to steric hindrance. 

The esters Ge(OR),, where R Me, Et, Pr®, Pr’, Bu", Bu', Bu", But, n-C,H,,, and 
(Me,Et, were prepared and their densities and surface tensions were measured over the 
range 20-40 rheir preparation either from the tetrachloride by the ammonia method 
or by alcohol interchange has been mentioned in a preliminary note ' but we have since 
discovered that the ¢fert.-butoxide cannot be obtained by interchange from the ethoxide, 
the reaction stopping at the formation of Ge(OEt)(OBu'), which is resistant to further 
interchange with tert.-butyl alcohol, undoubtedly for steric reasons 


! 
. 


TABLE 1 
Me ht }’r® br! Bu su! $u* n-4 sts, ( Me, kt 
13244 f O-0041 10425 
22:40 : a°26 ‘ 24-18 23°39 
144-5 224-0 202-5 301-6 S584 36: 359-1 34! 423-8 404-0 
223-7 so1-o 644°7 643-0 = 7 { 700-0 54°56 939-4 8HK-O 
218 220 2:20 2-13 2°: 2-20 2-14 2-22 2-20 


*M.p 


Ihe densities and the surface tensions of each compound were linear functions of 
temperature whilst the parachor was independent of temperature. The densities (g./c.c.), 
molar volumes (c.c.), and surface tensions (dynes/cm.) at 25° together with the mean 
parachors |/’) and the ratio parachor : molar volume (at 25°) are presented in Table 1. 


liraciiey, Kay, and Wardlaw, Chem. and Ind., 1953, 746 
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The Eétvés constant, k d(yV*)/dT, was independent of temperature for each com- 
pound and suggests that these liquids are unassociated. With regard to the n-alkyl 
orthogermanates, the expected decrease in density and increase in molar volume and 
parachor with increasing length of alkyl chain is evident in Table 1. The surface tension 
increases steadily with length of alkyl chain. The isomeric butyl esters form an exceptional 
group and it is noteworthy that the ésobuty! derivative has the maximum molar volume 
and parachor. Moreover, although the surface tension of the isopropyl ester is lower than 
that of the n-propyl ester and the fert.-amyl ester has a lower value than the n-pentyl, 
there is not a steady change of surface tension with degree of branching in the butyl esters. 
It appears that some unusual structural factors are brought into operation in passing from 
the n-butyl to the éert.-butyl ester. Another feature of Table | is the constancy of the 
ratio |P|/V,, since only the tsopropyl ester differs appreciably from the average value 
of 2°19. 

Although the early enthusiasm for Sugden’s parachor diminished later there are signs # 
of renewed interest in this method of comparing molar volumes under standard conditions 
of intermolecular forces. In particular, Gibling’s recent work * has shown the potentiali 
ties of the parachor as a means of revealing structural abnormalities in liquids. He 
suggests that the parachor value for an atom is affected by (i) the nature of other atoms 
bonded to it and (ii) interference from non-bonded neighbouring atoms, and instead of 
atomic parachors he uses group parachors; he successfully applied this method to a large 
number of compounds. Although we do not necessarily accept all of Gibling’s postulates, 
in particular the view that interaction involving hydrogen atoms on hydrocarbons can be 
neglected, the fundamental idea of the group parachor seems reasonable and we have applied 
Gibling’s method to the germanium esters. The following group of reduced parachors * 
were used : CH,(C) = CH,(O) = 55-2; (C)CH,(C) — 39-8; (C)CH,(O) — 39-3; (C)gCH(C) 

22:2; (C)pCH(O) = 21-2; (C)gC(C)y = 2-4 and (C),C(O) = 0%. The parachor of each 
germanium ester was used to determine the reduced parachor (R.P.) of the central group of 
germanium and four oxygen atoms, 1.¢., R.P. Ge|O(C)),. First, the reduced parachor 
of the ester was calculated by subtracting from the parachor |/’| the value of the expansion 
correction (E.C.) obtained by interpolation from Gibling's table. Then a summation of 
the group parachors of CH,(C), (C)CH,(C), etc., was made to give the reduced parachor of 
alkyl groups (SRP. alkyl) which was then subtracted from the reduced parachor of the 
ester to give K.P. Ge{O(C)),. The relevant values are presented in Table 2 

FABLE 2 
K in Ge(OR), ¢ R.P. Ester LR 
322-7 
489-6 
640-6 
639-8 
788-3 606-4 
7010 687-6 
783-7 685-6 
748-0 666-0 
030-7 BHO 6 


SSO-2 B2O°2 


oe 


NIPDoosess 
Ss owe we = we 


Ideally the value of R.P. Ge[O(¢ Fi should be constant irre pective of the ester and 
the remarkable variation shown in Table 2 suggests the presence of structural abnor 
malities associated with alkyl groups, Before interpreting these results it is convenient 
to give the values for R.P. C/O(C)), and R.P. Si/O(C)), which we have calculated from the 
parachor data for n-alkyl orthocarbonates and orthosilicates published by Arbusov and 
Vinogradova.® The values are given in Table 3 which also contains values for A, the 


iford and Phillips J., 1929, 2112; Vowel et al, thid., 1943, 333, 363 1046, 143; 1048, 624 
hem. Rev., 1953, 68, 439; Edward, Chem. and Jnd., 1956, 774 
nibling, /., 1941, 208, 304; 1942, 661, 665; 1943, 146; 1944, 380, 383; 1945, 236 
* Gibling Molecular Volume and Structure,” unbound M.S. presented to Library of Chemical 
wet May, 1956 
Arbusov and Vinogradova, Doklady Akad Naus / 1048, 60, 709 
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difference between R.P. M/O(C)|, for the methyl ester and any other ester, and A’, which 
is the increment in ascending the homologous series M(OC,,Hg, . 1)4. 

Ihe parachor for the n-pentyl orthosilicate was deduced by interpolation from the 
plot of parachor against number of carbon atoms in the alkyl group for the other esters 
The values of 4 in Table 3 show a steady increase with increasing length of alkyl chain 
and Gibling * has previously pointed out a similar behaviour in the case of n-alkyl esters of 
dialkyl carbonates, sulphates, sulphites, phosphates, and phosphites. He attributed this 
to parallelism of the alkyl chains, and Arbusov and Vinogradova ° appear to have applied 


TABLE 3 
K in KP K in K.P R in R.P 

C(OK), CliO(C)), 4 4 SHOR), SIfO(C)), ay \ W(OR), SHLO(C)), A \ 
Me i173 0 Me . 106-2 0 n-CgH yy 56:8 194 36 
het 16-2 Il 1] ket 105-0 1-2 1-2 n-C,Hy,, 53-4 22°8 34 
Ire 71% 5S 4. Pre Ys°7 Th 63 n-C,H,, 81-2 25-0 2:2 
I 66-5 10-5 50 bu" V6-4 os 2-3 nelly, 741 321 71 

n-C,H,, 904 158 60 w»C,H, 730 332 WI 


Gibling’s method and interpretation to the orthocarbonates and orthosilicates. It is 
noteworthy that in the dialkyl ethers the only anomaly found by Gibling * was a small 
reduction in parachor with the n-butyl groups which was interpreted as a bending back 
of the alkyl chain bringing the 3-carbon atom closer to the oxygen. It appears that the 
parallelism ”’ of n-alkyl chains occurs when they are linked by oxygen to another central 
atom, as in the ortho-esters, but not when linked to the same oxygen atom, presumably 
because in the latter case the zig-zag conformation of hydrocarbons is still maintained, 
viz., (1). Returning to our results in Table 2, it is interesting to note that with the excep- 
tion of the methyl ester, which is clearly anomalous, the n-alkyl germanates show a 
progressive reduction in R.P. Ge/O(C)), with increase in number of carbon atoms in the 
alkyl chain {the values of A are relative to zero for the tsopropyl ester which has the maxi 
mum value for R.P, Ge/O(C) 4}. This behaviour is similar to that of the orthocarbonates 
and orthosilicates, but it is extremely interesting that in the isomeric butyl germanates 
reductions also occur in the order But > Bu* >- Bu" > Bu' with branching of the alkyl 
Moreover, the reduction for the tert.-amyl ester is considerably greater than for 
On the other hand, the isopropyl ester (arbitrarily taken as A = 0) 
Therefore it is clear that branching of 


group 
the n-pentyl ester. 
has a smaller reduction than the n-propyl ester 
the alkyl chain prevents the parallelism found in n-alkyl derivatives, but that extensive 
branching leads to another type of parachor reduction. With regard to methyl ortho 
vermanate we suggest that this has an anomalous parachor because it gives a value for 
K.P, Ge O(C)), which is smaller than the corresponding value for Si/O(C)), when, from a 
consideration of atomic radii, it should be greater. Two explanations are possible 
Kither the methyl orthogermanate molecules are able to pack more closely in the liquid 
state by virtue of being smaller and more nearly spherical than the higher esters or there 
may be some intermolecular association involving germanium and oxygen. 

Ihe enormous parachor reductions for the fert.-butyl and tert.-amyl esters prompted 


us to set up atomic models for germanium esters. The following bond lengths were used 


Cc 1-54 A, C-O 1-43 A, and Ge-O ‘72 A, the last value being derived by 
application of the electronegativity correction ® to the sum of the covalent atomic radi 
(Ge ‘22 A, O = 0-66 A), It was further assumed that the angles 2OGeO, /GeOC, 


and / OCC were all tetrahedral. These models showed clearly that in the highly branched 
esters rotation of alkoxide groups was severely restricted and that for all conformations 
of each molecule there was considerable overlap of the van der Waals volumes of the atoms 
\ccordingly we have attempted to measure the decrease in volume due to this overlap 
by measuring interatomic distances in these models in conformations of minimum intra 
molecular congestion. Using the van der Waals radii CH, 20 A, O 1-4 A, and 
eT 2-02 A, we then calculated the volume of the two spherical caps produced by inter 
ection of the van der Waals spheres of interacting atoms or groups and this gave the 


Well tructural Inorganic Chemistry,'’ Oxford Univ. Press, 1945, p. 81 
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volume (in A‘) lost by overlap or interference of non-bonded atoms. An approximate 
relation between volume in A® and parachor units was derived as follows, Gubling * has 
calculated the reduced parachor of methane to be 68-4 units. If it be assumed that 
methane consists of a hexagonal close-packed array of molecules of radius 2-0 A then the 
volume occupied by a molecule is 5-66 « 2-8 — 45:3 A® @ 684 parachor units, whence 
| A* = 1-5 parachor units. Alternatively we may choose an imaginary germanium ester 
molecule occupying a volume = 1 A® = 10°*4 c.c. at 25 hen 1 mole would occupy 
06025 c.« However, it is clear from Table | that for most germanium esters the ratio 
of the parachor to molar volume (at 25°, in c.c.) is 2-2: | and hence 1 A‘ = 2-2 x 0-60 

1-3 parachor units. It appears that a value of | A* i-¢ parachor units is of the right 
order of magnitude , 

Methyl Esters.-Inspection of models shows that rotation of alkoxide groups around 
the oxygen-central atom bond is restricted even in the methyl esters and especially for 
methyl orthocarbonate. For example, the conformation having the maximum separation 
of methyl groups from neighbouring alkoxide oxygen atoms on the same molecule is the 
one with the methyl group staggered with respect to two neighbouring oxygen atoms 
Ihe interatomic distances between carbon and oxygen are then: orthocarbonate, 2-75 A; 
orthosilicate, 3-0 A; and orthogermanate, 3-14 A; all these are considerably less than 
the sum of the van der Waals radii of oxygen and the methyl group (3-4 A). Moreover 
each methyl group interacts with two others since the intercarbon distance (ca. 3-6 A) is 
less than the van der Waals distance (40 A). Further interaction occurs between methyl 
groups and the central atom and it is clear that considerable ‘ loss of volume "’ occurs in 
the methyl esters. The total loss of volume will not differ greatly between the staggered 


or the eclipsed methyl... oxygen conformations because the smaller specific loss involved 
in the former is offset by the existence of twice as many interactions as in the latter Thus 
the calculated total volume losses in the methyl orthocarbonate are: staggered Me... O, 
3°1 A*; en lipsed Me.. O, 44 AS For methyl orthogermanate the corresponding values 


are 0-59 A* and 0-73 A® and similar values would be expected for methyl orthosilicate. 
However, these values are automatically included in the values of R.P. C/O(C)|, and R.P 
Si/O(C) |, and will not affect values of A in Table 3 
Normal Alkyl Esters.—-Inspection of the increments A’ in Tables 2 and 3 reveals some 
interesting differences between the n-alkyl ortho-carbonates, -silicates, and -germanates 
A striking feature is the much greater increments for the orthogermanates than the corre- 
sponding increments in the other series. Furthermore, it is evident from the A’ values 
for the orthosilicates that the increment is not constant for this series but shows a distinct 
alternation in value. The average value of A’ (even number of carbon atoms in alkyl 
group) is 2-1 units whilst for A’ (odd numbers) the average is 5-7 units and only in the step 
from n-hexyl to n-heptyl is there a discrepancy from alternation. It should be pointed 
out that an error of 0-1%, in the parachor value will correspond to an error in R.P. Si/O(C)), 
of 0-5 unit for Si(OEt),, 1-0 unit for Si(OCgH,,), and 1-7 units for Si(OC, H,,),, so that 
the alternation in A’ values is significant compared with probable experimental error. 
On the other hand the values of A’ for the n-alkyl orthocarbonates and orthogermanates 
how a continuous increase in the increment with length of alkyl chain. Arbusov and 
Shavsa ? have deduced from dipole-moment measurements that the rotation of the alkoxide 
groups is much more restricted in the orthocarbonates than in the orthosilicates whilst 
Moore, Gibbs, aud Eyring ® suggest that the straight-chain hydrocarbons up to C, )H,, are 
essentially in the zig-zag conformation and rotating about the long axis above about room 
temperature. It seems likely that the restricted rotation in the orthocarbonates causes 
the alkyl chains to radiate from the central CO, group as zig-zag methylene chains sweeping 
maller volume than the same number of methylene groups in the freely rotating 
hydrocarbons. This arrangement should lead to considerable intermolecular entangle 
ment as the chain length increases. In the n-alkyl orthosilicates the alkyl chains are 
freely than in the orthocarbonates but the alternation in A’ values suggests 
that a sinusoidal conformation (II) tends to occur In this model the methyl groups in 
Arbusov and Shavsa, Doklady Ahad. Nauk / 1948, 69, 509 
Moore, Gibbs, and Eyring, /. Phys. Chem., 1953, 67, 172 
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the n-propyl silicate come close to the oxygen atoms (the carbon-oxygen distance is 2-5 A) 
causing a volume loss for four chains of 2-4 A* 3-4 parachor units whilst in the longer 
chains there will be extra volume losses in the odd-numbered chains owing to the proximity 
of the carbon atoms (C...C, 2°75 A). The maximum contraction for four groups at each 
odd-number chain due to the latter effect would be ca. 5-4 A* = 7-6 parachor units. An 
additional factor for the orthosilicates is the partial double-bond character in Si-O bonds 


“wi 


" 

. CH,—CH CH. * 

(I) of he Jf \ yer? ie (11) 
Cc 


CH '@) CH, Si-O CH,~ CH, 


due to overlap of a lone electron pair in an oxygen p, orbital with a vacant d, orbital of 
the silicon. This will tend to increase the /SiOC angle from the assumed tetrahedral 
value towards 120° required for sp* hybrid bonds between oxygen and its adjacent atoms 
in (111) and it will impose an added barrier to rotation about the Si-O bond. In fact, 
Yamazaki” has deduced from electron-diffraction studies on methyl orthosilicate that 
rotation is restricted and the /SiOC angle is widened to 113 [his widening will ease 
the congestion of alkyl groups for the lower alkyl chains and it 1s possible for reasons not 
immediately obvious that the partial double bonding is the cause of the alternation effect 
apparent in the A’ values for the orthosilicates. This is consistent with the lack of altern- 
ation in the orthocarbonates and orthogermanates because Gordy’s ?° deductions from 
nuclear quadrupole coupling constants for the tetrahalides suggest that double-bonding 


tendencies are in the order Si > Ge > C, In addition to the sinusoidal tendency of the 
alkyl! chains in alkyl orthosilicates there is the possibility of parallelism of pairs of chains 
is suggested by Arbusov and Shavsa ? but in view of the small values of A’ compared with 


those for the germanates it appears that parallelism is much less marked in n-alkyl ortho 
ilicates than in n-alkyl orthogermanates. Our interpretation of the steadily increasing 
values of A’ for the orthogermanates is that these molecules prefer a conformation in which 
the alkyl chains are aligned parallel in two pairs disposed in planes approximately at right 
angles giving an elongated molecule. In building the ethyl orthogermanate molecule from 
the methyl derivative it is clear that the preferred conformation (LV) of the terminal 


OQ, fe) 
ie OH gg On ey oe th of a Neu, 
| “o CH, p 7 
my) 7 Zon A (V) 
CH, Ge ; 
CH, 6 ° bu, (VI) 
methy! group is transoid to the Ge~O-CH, system as shown (two Et groups omitted). The 


only additional volume loss in (IV) over that for the methoxide is a contribution caused by 
restricted rotation of the methyl group. Restricted rotation is severe because in conform 
ition (V}, with Ge-O-CHyCH, in a plane bisecting the line between the nearest two 
oxygen atoms the distance between methyl and oxygen is 2-66 and between methyl and 
germanium 246 A, In conformation (VI) the distances are CH,...O, 186 and 
CH, Ge, BOA Phe total volume losses per molecule would be: (V), ca. 13-4 A}: 
(VI), ca. 11-8 A®. It is difficult to assess the volume loss in (IV) but if the methyl groups 
are “ frozen" in this conformation, a loss of 5-8 A® is estimated as follows. In a zig-zag 
polymethylene chain the maximum width of chain is 4-89 A (including van der Waals 
radu) whilst the minimum width is 4-0 A [he increment of length along the long axis 
due to each methylene group is 1-273 A, hence for a normal hydrocarbon molecule rotating 
about the long axis a cylindrical volume is swept out and if the cylinders assume closest 


’ Kotera, Yokoi, and Ueda, /. Chem. Ph 1050, 18, 1414 
( / ‘ Faraday Soc., 1055, 19, 27 
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packing the volume per methylene group is 0-866 1-202 -273 A% When rotation 
about the long axis is completely restricted and the molecules take up simple cubic packing 
the volume per methylene group is 4°89 * 40 « 1-273 A® and the loss in volume due to the 
restriction is thus 1-45 A# per methylene group Hence the mayor source of volume loss 
in the n-alkyl germanates, if they exist with the alkyl chains in two pairs of parallel zig-zags, 
will be due to the loss of rotation of these chains relative to free rotation in the hydro 
carbons. This would require a volume loss of 5-8 A® = 8&1 parachor units in passing 
from one homologue to the next whereas A’ in Table 2 is not constant. This is not sur- 
prising because it is obvious from models that the chances of forming parallel chains 
increase steadily with length of chain. The values of A (Table 2) suggest that in the 
n-pentyl ester the chains are in fact close to parallelism since the difference in A between 
n-pentyl and ethyl is 36-5 units whereas a value of 32-3 units is calculated by assuming 
about half rotation of ethyl groups and no rotation of m-pentyl groups. Reasonable 
agreement is also found between experimental and calculated molecular volumes. In 
one case we have calculated the volume V, = 1 * 4-0 « 8-0 A‘ of a parallelepiped formed 
by a non-rotating double-chain molecule of height 4-9 A (for zig-zag polymethylene chain) 
and width 8-0 A (for two parallel chains). The length / was measured from models and 
includes the van der Waals radii of the terminal methyl groups. This model neglects the 
constriction in the middle of the molecule caused by the GeO, grouping. In the second 
case we assume that the GeO, and a-methylene groups form a central box of volume 
478% « 3-02 — 89-6 A® to which is added the volume (2-4n’ 10) x 80 x 49 AS 
to give V., where n’ 1, 2, 3, and 4 for Me, Pr®, Bu", and -C,H,,. The results are shown 
in lable 4; V is the experimental molecular volume (at 25°) 


TABLE 4 
RK in Ge(OR), ” L(A V, (At V, (A® v (A% 
het oes oenes l 10-46 $101 M60 372-0 
Pre ; 9 13-00 500-6 445-6 is54 
Bu" ’ 3 15-54 609-1 45-1 596-0 
n-C Hi F 4 18-08 708-8 644-6 705-0 


In all cases the experimental values are between |’, and V, and support the theory 
that the n-alkyl germanates assume the non-rotating parallel double-chain conformation 
as deduced from parachor data. An interesting consequence of this double-chain conform 
ation is that intermolecular entanglement will be minimised, whereas in the ortho 
carbonates and orthosilicates this effect should be more pronounced, We have already 
uggested that this entanglement of alkyl chains is responsible for the anomalous entropies 
of vaporisation of n-alkyl orthosilicates !' and it will be interesting to obtain similar data 
for the alkyl! orthogermanates 

Branched-chain E sters.—-Inspection of molecular models shows that (VII) is the confor 
mation having least intramolecular congestion in the molecule of tsopropyl orthogermanate 
(two Pr' groups omitted). In conformation (VII) there is no interference between methyl 


CH, 
CHym ' CH, H. 
PM), On, Pas fw CH, C —O . wv? ~ aad. 
| “Ge CCH, ‘ ’ Ge © a 
H | re) H j | O CH, 
Oo 
O 
(VII) (Vitl) 
groups and oxygen whilst there are four methyl-methyl interactions (( ( 3°25 A) 
giving a volume loss of 2-16 A4 and eight methyl-CH interactions (C.. . ¢ 3°5 A) with 


a loss of 1-2 A‘ giving a total loss of ca. 4-1 A* @ 5-7 parachor units greater than in the 
methyl ester. Rotation of the tsopropyl group to give conformation (VIII) introduces 
considerable interaction especially between germanium and the cis-methyl groups with a 
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total volume loss of 15-7 A* 22 parachor units greater than in the methyl ester and it is 
obvious that conformation (VII) is preferred, It is interesting that the ethyl ester in 
conformation (IV) with half rotation of ethyl groups has a parachor reduction of 8-1 units 
which is 24 units greater than that of conformation (VII) for the tsopropyl ester, 
in reasonable agreement with the experimentally deduced difference of 1-8 units (Table 2) 
Consideration of the models for the tert.-butyl ester shows that considerable intramolecular 
congestion is inevitable and is a minimum in conformation (1X) (two Bu‘ groups omitted) 
es a disc-like molecule with eight “ lateral '’ and four “ lineal ’’ methyl groups 

major volume loss occurs from interactions between oxygen and “ lineal ”’ 

( 2-66 A; volume loss 3-28 A*) and between lineal methyl groups and 

Ge =~ 2:46A; volume loss 8-97 A4). Additional smaller losses are caused 

interaction between lateral ’’ methyl groups themselves, between “ lateral ” 
and “' lineal’ methyl groups, between tertiary carbon and “' lateral’ methyl groups 
and between tertiary carbon and “ lineal ’’ methyl groups giving a total volume loss of 
19-5 A®* = 27-3 parachor units greater than in the methyl ester. In conformation (X) 
the volume loss has increased to 41 A® - 57-4 parachor units and it is clear that the 
lightest rotation of either fert,-buty] or tert.-butoxide groups in conformation (LX) leads to 
a large decrease in effective volume. In fact the difference between the parachor losses 
of the isopropyl and fert.-butyl esters calculated on conformations (VII) and (1X) is 21-6 
units compared with A’ 30-5 from Table 2. This higher value of A’ may be due to 
oscillations of the alkyl groups which would cause a greater difference in parachor reductions, 
but alternatively the approximations involved in our calculations could account for the 
discrepancy. In either case it seems clear that the surprising parachor reduction in the 
lert. butyl ester is closely related to the volume loss caused by interaction of the van det 
of several of the atoms Ihe radial distance from the germanium atom to a 

methyl group in conformation (LX) is ca. 5-5 A (including van der Waal 


CH, CH, CH, 


5. . = ) 
CH, “Gem ™ = a all 


\ ° ‘ —_ 
CH, : | | CH, 


(1) 


radius of methyl group) and in a freely rotating spherical molecule of this radius the mole 
cular volume would be 942 A* for hexagonal closest packing. For a dise-like molecules 
rotating about the polar (lineal) axis through the germanium atom, the molecular volume for 
close packing is 650 A® (6-2 A being taken as thickness of disc) compared with the experimental 
73 A® at 25 It is clear from this that the ¢ert.-butyl ester molecules are disc-like rather 
pherical and that rotation of the molecule is severely restricted, although it must be 
remembered that the experimental molecular volume at 25” is close to the value at the 
m. p. (23-5°). Inspection of molecular models also confirms the further parachor reduction 
in passing from the fert.-butyl to the fert.-amyl ester. If the extra methylene groups are 
interpo ed at the “ lineal ’’ methyl positions in conformation (IX) of the tert.-butoxide 
then the methyl groups must take up positions remote from the germanium atom as in 
(XI). Rotation of the “ ethyl '-methyi group around the “ lineal "’ carbon-carbon bond 
d by the oxygen and germanium atoms and neighbouring “ lateral ’’ methyl 


1956 Germanium Esters. Part 1. 19233 


groups. Hence the methyl group is more or less frozen and this will cause a volume loss 
of ca. 5-8 A® plus the loss of 8-8 A‘ due to interaction of the “ ethyl ’-methyl group in the 
staggered position to the two “ lateral’ methyl groups, giving a total additional loss 
in parachor of ca. 20-4 units compared with the difference of 28-4 urits between the R.P 
Ge O(C) |, values for fert.-amyl and tert.-butyl ester Similar reductions are calculated 
when the “ethyl” methylene group is placed at a “ lateral"’ position instead of 
‘“ lineal’ in conformation (LX) or in any alternative position in conformation (X) of the 
tert.-butyl ester 

It is also clear why the A values for the isomeric butyl orthogermanates are in the 
peculiar order But > Bu* > Bu" > Bu'. Thus for the normal isomer the value of A 
(21-5) is near to that calculated for fixed parallel pairs of butyl chains (26-7 units). On the 
other hand the isobutyl derivative (A 10-0) may be considered as built up from the 
n-propyl ester (A -= 10-0) by adding a methyl group at the 2-position in the n-propyl 
chain without causing any further volume loss. The sec.-butyl ester is especially interesting 
because it appears that optical isomerism in the sec.-butoxide group will have an effect on 
the steric interactions in the sec.-butyl germanate. Let us consider the sec.-butyl ester 
as built up by addition of a methyl group to a “ lateral’ methyl in conformation 
(VII) of the tsopropyl ester. If all the sec.-butoxide groups are optically of one sign, 
then however these groups are rotated into conformation (VII) the “ ethyl '’-methyl 
groups always clash in pairs. The interaction is minimised when the “ ethyl ’’-methyl 
groups are nearly cis to the alcohol hydrogen and are equidistant (3-5 A) from a neigh 
bouring “‘ ethyl -methyl group, a neighbouring lateral’ methylene group and the 
“ lateral’ methyl of the same isopropyl group. This gives a loss in volume of 5-8 A‘ 
to which should be added ca. 5-8 A‘ for restricted rotation of the ethyl groups (as in tert 
amy! ester) to make a total of 11-6 A* 16-2 parachor units of further volume loss com 
pared with the zsopropyl ester. On the other hand by bending back these ethyl group 
the conformation becomes that of the n-propyl ester with parallel n-propyl chains with 
methyl substitution at the alcohol carbon atom. The |-methyl groups interact with one 
another in two pairs, and with the germanium atom and the alcohol carbon atoms to give 
a volume loss 3-5 A’ 9 parac hor units in addition to that of the n-propyl ester (10-0) 
to make a resultant A 14-9 parachor units. The sec.-butyl ester used in our work will 
be a mixture of diastereoisomers with regard to optical sign of the sec.-butoxide group 
but it is interesting that a molecule containing two groups of one sign and two of the 
opposite sign can assume a conformation based on (VII) in which there is no interaction 
between “ ethyl ’-methyl groups and having A 14-3 parachor units There is another 
conformation for this molecule having interaction between one pair of “ ethyl '’-methyl 
groups which would require a calculated A 15-2 which is near our observed A = 153 
unit On the other hand this molecule cannot assume the parallel chain conformation 
of the n-propyl ester because the l-methyl groups interfer It seems possible that 
different diastereoisomers of the sec.-butyl ester might differ in their values of A by some 
thing of the order of one parachor unit. We intend to test this point experimentally 

Although it cannot be claimed that our analysis of the parachor data has completely 
elucidated the preferred conformations of these ortho-esters, we feel that this work demon- 
trates the value of the parachor as a means of interpreting molecular structure especially 
when Gibling’s method of group parachors is applied 


EXPERIMENTA 


f Germanium The accurate analysis of germanium presents some difficulty 
the probiem fh een reviewed,'* In the present york four method vere used and each com 
pound was analysed by at least two of them 

Gravimelr method (a) The sample (0-05—0-1 g¢ : veighed into a prepared silica 
crucible and hydrolysed with aqueous ammonia (d, O88; 3c. ind aleohol (1 c.« Careful 
evaporation (under the infrared lamp) of the solution to drys was followed by ignition (900°) 
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and weighing a8 GeO, his method is only suitable for germanium esters which are chloride 
free. (b) When chloride was present the germanium was precipitated from dilute sulphuric 
acid solution as the tannin complex by Holness’s procedure.“ The precipitate must be ignited 
to GeO, very carefully to avoid reduction of the germanium oxide by carbon 
Volumetric methods (a) The sample (0-05—0-1 g.) was dissolved (the higher alkoxides 
required heating) in a freshly prepared aqueous solution of mannitol (5 g. in water, 20 c.c.) 
containing alcohol (1 c.c.). The solution was transferred to a potentiometric titration apparatus 
ind the mannitol-germanic acid complex was titrated with sodium hydroxide (0-1—0-01N) 
ith use of a glass electrode-calomel electrode cell About 3 min. were allowed after each 
uidition of alkali before the potential was measured and a small correction was applied for the 
acidity of the mannitol, Cluley’s method ™ using an indicator did not give reproducible 


b) As an alternative to (a), the mannitol-germanic acid complex was titrated conducto- 
metrically with lithium hydroxide solution (ca, 0-05n), the end-point being deduced graphically. 
An advantage of this method was that chloride present could be detected and estimated on the 
ame sample because two distinct end-points were detected 

Prepavation of Alkyl Orthogermanat As germanium esters are readily hydrolysed, the 
ime precautions were taken in drying apparatus and chemicals as described elsewhere, “ 


Germanium tetrachloride {commercial (As <0-1 p.p.m.)| was used without further purification 

a) L’vrepavation from the tetrachloride Ihe alcohol and tetrachloride were dissolved in 
benzene (ca. 160 ¢.c.) and ammonia was passed in Although a white cloud then appeared in 
the vapour space no precipitation occurred until after several minutes an exothermic reaction 
developed uch behaviour has not been observed in the corresponding reactions involving 
titanium, zirconium, niobium, or tantalum chlorides and it appears that the reaction is initiated 
in the vapour phase. After the ammonium chloride had been filtered off the filtrate was 
evaporated to dryness and the germanium ester distilled under reduced pressure. In the 
preparation of the tertiary esters the procedure was modified as follows The tetrachloride 
vas added with stirring to a solution of the alcohol and pyridine (4 mol./mol. of GeC],) in 
benzene (150 ¢.c.), and reaction was completed by treatment with ammonia The ester wa 


then isolated as before. The details are given in Table 5 in which all except n-alkyl estes 


ile new 
(b) Preparation by alcohol interchange Ihe mixture of lower ester, higher alcohol, and 
benzene (50-100 ¢.c.) was azeotropically distilled in a column (70 cm.) packed with Fenske 
vila helices and fitted with a total condensation variable take-off stillhead A reflux ratio 
of ca. 10: 1 was used After removal of solvent, the germanium ester was distilled under 
luced pressure Ihe details are given in Table 5 
PABLE 5 
| ROH tarting material Vield of Cs 
GelQ taken (g¢ Compd Taken (w.) GelOR), le ] na Cal 
Me ih Gell, 20 13 I7-0) 36-9 
het vA) 17 16 28-7 28-7 
1" $1 : 1h Is 255 25-5 
20 Ge(OMe 12 17 23-2 3-5 
hou! tf Gell, 14 ") 19-4 19-0 
“) GelOhkt 4 1S 20 oO 
I 0) Gell, 16 21 lv , 
20 Ge(OPr'), 14 Lh 1d - 
1 Gecl, 12 17 19-9 
| it) i4 1” 19-0 199 
40 Ge(OEFt), lo 4 214° , 
nt tp GeCl, 11 10 17-2 17-2 
17 Ge(Olr®), ll 13 17-3 
( ht 40 Gell, 15 23 17-2 
* Cale, for Ge(OEt)(OBu'),: Ge, 21-5 
he yields given in Table 5 are based on the distilled ester 
Density Determination An all-glass dilatometer with two limbs of “ Veridia’’ capillary 
tubs bore ca, 1 mm.) terminating in standard joints (B 10) wa used Each limb (5 cm 


* Holness, Analyt. Chim. Acta, 1948, 2, 254 
* (Cluley lnalyst, 1951, 76, 523 
bradley, Mehrotra, and Wardlaw, / , 1952, 4204, 5020 
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long) had a fiduciary mark about 1 cm. from the lower end of the capillary, and the dilatometer 
was calibrated with pure mercury to give the volume v, below the fiduciary marks and the 
average volume per cm, length of capillary (weights were corrected for buoyancy). Before 
each measurement the dilatometer was cleaned first with nitric-chromic acid, next distilled 
water, then aqueous sodium hydroxide (10% w/v), and finally it was steamed for ¢ Ll hr. It 
was then dried for | hr. at 130° and allowed to cool at 0-05 mm. and dry air was then admitted 
After storage in a desiccator (30 min.) it was kept in the balance for 30 min, before being weighed. 
It was essential to adhere to this rigid procedure to obtain accurately reproducible results 
Che dilatometer was then connected through a B 10 joint (lubricated with high-vacuum Silicone 
grease) to an all-glass fractional distillation apparatus and the middle fraction of germanium 
ester was collected under recuced pressure (0-1 mm.) Enough sample (6-5 c.c.) was collected 
to bring the level of the meniscus in each capillary just above the fiduciary mark. After 
admission of dry air the dilatometer was detached, the joints were immediately degreased 
with trichloroethylene, and the apparatus was reweighed. Experiments on the empty dilato 

meter showed that the greasing and degreasing procedure did not significantly affect the weight 
of the dilatometer. The joints were then regreased and the dilatometer was completely 
immersed in a water-bath thermostatically controlled to 401° for | hr, before measurement 
of the beights of the menisci above the fiduciary marks. Measure 

ment vere then made at different temperatures in the following 8/4 

order ; 20, 25, 30, 35, 40, 45, 42-5, 37-5, 32-5, 27-5, and 22-5", 1 hu | [- FORT | 


being allowed at each temperature for attainment of thermal 
equilibrium, At least two samples of each compound were used 
and the reproducibility of the results was about 1 in 10*. Within 
this limit of accuracy the densities were exactly linear functions La 
of temperature and the results are presented in lable 61n the form - 
d, i, zt where d, is the density (g./c.c.) at and d, and a@ are 
constant Our results are in good agreement with the values at 
25° reported by Johnson and Fritz ™ for the n-alkyl germanates 
Surface Tensions and Parachors.—The apparatus is shown in the 

bigure. ‘Lhe  Veridia’’ capillaries were found by the mercury-thread 
method to be uniform in bore within 0-01%,. ‘Lhe cleaning procedure 
was similar to that used for the dilatometer except that dry steam 
was found to be better in the steaming out while in the final 
drying at 0-05 mm. the apparatus was cautiously “ flamed.’ The | 

mple was collected by distillation at 0-1 mm. and the difference LT 
in levels of the menisci was measured at the same temperatures >» 
as used for the densities. The apparatus was calibrated with Side Front 
pure benzene At least two samples of each ester were measured, 

iving meniscus levels in different regions of the capillaries, and the reproducibility was better 
than 0-5° Slight exposure of the sample to the atmosphere gave no visible signs of hydrolysi 


but the surface tension was markedly affected Within the experimental error the surface 


TABLE 6 


Rin Ge(OR), d, a. R in Ge(OR), d, a 
Me ‘ 1-3599 0-00142 a cece sabi 1-0515 0-00 108 
Et 1-1592 0-00122 Bu! ‘ - 10281 06-0009 1 
Pr® 1-0820 0-00 103 But 1-0396 000093 
Bu® savas 1-0400 0-00093 jut hetbdoces 1-0844 0-00 108 
n-C,H,, 1-0156 000086 CMe,Et ....... 1-0662 000095 

TABLE 7. 

KR in Ge(OR), Yo B K in Ge(OR), Ye gr 
Me 24-51 0-0810 Pr‘ ‘ 22-80 09-0816 
a iaeogh 25-43 0-0880 Bu! ... sadeiiaee 25-41 00865 
Pr® , : 25-85 00-0895 }bu* stadhbaditiag 25-74 00-0930 
Bu® 26-26 11-0905 But 24°74 0-0800 
n-C,H,, 26-45 O-0890 (Me,kt 25-76 0-0950 
tension of each sample was exactly a linear function of temperature and the results in lable 7 
ire expressed in the form y, Ye jt, where y, is the surface tension at f° and y, and @ are 

'* Johnson and Fritz, /. Amer. Chem. Soc., 1963, 76, 718 
7 x 


rIOnR Radical_cahture Avoents in Tetralin 4097 


4926 Davies, Goldsmith, Gupta, and Leste 


constants. ‘The results for the parachor, {P} Va y, at different temperatures are given in 
fable % together with the root-mean-square percentage deviations (o) from the mean values 
given in Table 1. 

from the probable error of up to 0-5% in the surface-tension measurements we should 
expect error in the parachors to be up to 0-1% and it is clear from Table 8 that for each com 


TABLE 8 
j [P hin P 
Ge(OkK), 20 26 30 35° 40 a Gel(Ok ‘ 20 25 30 35 40 og 
Me $23°2 323-4 323:7 324-0 3242 +0-11 Vr .., 643-6 643-0 644-1 643-6 6443 0-04 
kt 401-2 401-7 4020 4923 402-4 0-09 Bu... 797-2 797-2 798-7 797-2 7966 0-09 
}ye 644-7 6449 645-0 6449 644-0 0-06 But ... 790-8 790-4 790-0 789-8 789-2 0-07 
Bu 7048 7948 7946 7044 704-2 0-03 Lut 753-9 7543 7540 755-7 0-09 


1 ‘ 
nH, 939-9 989-7 939-3 939-3 938-7 0-04 CMe,Et 888-9 888-6 888-0 887-5 886-9 0-08 


pound the parachor is independent of temperature within the expected error. It is noteworthy 
that for the n-alkyl esters o decreases with increase in chain length [his trend is not surprising 
because the ease of hydrolysis appears to decrease with increase in chain length and it is 
undoubtedly the susceptibility of these compounds to hydrolysis which is the main cause of 
ex perime ntal error 


Birnkeeck CoL__ece, Maret St., Lonvon, W.C.1 Recewed, August 10th, 1956. | 


958. ladical-capture Agents in Tetralin. Measurement of Relative 
Efficiencies and Correlation with Structure. 


By D. S. Davies, H. L. Go_psmiru, A. K. Gupta, and G. R. LESTER 


Measurements of the inhibition of the autoxidation of tetralin have :been 
used to determine the relative rates of the radical-capture reaction 


rO, + AH —» TO,H A+ 


(TO, tetralyl peroxide radical: AH antioxidant) 


ior a series of simple phenols, Electron-repelling substituents in the phenols 
increase the ,ate and electron-attracting ones decrease it. For polyalkylated 
phenols, the effects of substituents on the logarithm of the rate are additive, 
except for 2: 6-substitution rhere is a correlation between the energy of 
the highest occupied molecular orbital in a phenol (as calculated by the non 
bonding orbital method) and the rate at which it captures radicals 


UBSTANCES containing hydrocarbon chains, é.g., petroleum, rubber, edible fats, Polythene, 
ie commonly preserved from oxidative deterioration by addition of antioxidants. It ha 
been established }* that sometimes these oxidations occur by the mechanism 

(] | —» X- 
(2) X: + RH —» Rk: XH 
(3 Ky + O, —» RO,: 
. : . : hain propagation 
(4 KO, -+- RH —» RO,H RR) 
(5) RO,’ -+- RO, — dead products (termination in absence of antioxidant 
(6) RO, + AH —®» RO,H \- (termination in presence of antioxidant) 
In tl ystem, I is an initiator (present perhaps by chance) which gives radicals X- 


KH is the hydrocarbon suffering oxidation, and AH the antioxidant. For AH to be 
efhicient, reaction (6) must be fast and the derived radical A+ must be unable to generat: 


Bolland and Gee, Trans. Faraday Soc., 1946, 42, 236 

13 ind ten Have, ibid., 1947, 43, 201 

Idem, ilid., 1949, 45, 93 

Bamford and Dewar, Proc. Roy. Soc., 1949, A, 198, 252 
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fresh K+ radicals from RH. The way in which these properties vary with the structure of AH 
is therefore of obvious practical as well as theoretical interest. This paper describes the 
development of an experimental method for measuring radical-capture efficiency in a 
model oxidation which can be used to investigate as many as possible of the various types of 
radical-capture agents. 

Bolland and ten Have * have carried out this type of measurement for a few inhibitors, 
using the benzoyl peroxide-catalysed autoxidation of ethyl linoleate as their reference 

tem, and Bamford and Dewar * used the effects of three inhibitors in elucidating the 
kinetics of the oxidation of tetralin. Our present method was developed directly from the 
methods of these authors : tetralin has been the substrate normally used, but measurements 
have also been carried out with ethyl linoleate. 

The main difficulty encountered was the establishment of an initiator system which 
could be used with the widest possible variety of antioxidant Photochemical methods 
were tried, with anthraquinone and its derivatives as photosensitisers, but failed because 
many inhibitors give coloured products. The photosensitiser solutions also proved incon- 
veniently unstable. In our hands initiation by benzoyl peroxide proved unsatisfactory, 
partly because this substance can react directly with many of the phenols which were studied 
although Bolland and ten Have were able to use it for a limited number of phenols), and 
partly because the oxidation rates were sensitive to the state of the surface of the reaction 
vessel. The final choice was azotsobutyronitrile (AZDN) which gives radicals by the 
reaction 

CN-CMeg*N:N*CMegCN — 2CN-CMe,y: | Ny 

at a rate virtually independent of the environment.® ° 

Oxidation Kinetics.—Application of the stationary-state method to steps (1)—(4) 
and (6) of the above reaction scheme leads to the equation 


d[O,}/dé = Rl + £4, TH)/A,/ AH) , (i) 


0 that a plot of —d Os /dt against 1/[AH)} should give a straight line if Ay, the rate of chain 
starting, 1s constant Fig. 1 shows two cases in which (i) was teste d directly; straight lines 
were obtained, the intercepts being equal within the experimental error. 
rhe direct testing of (i) is however tedious, and a quicker method of checking the 
applicability of the reaction scheme is to consider the variation of rate with time during a 
ingle experiment. If we assume that the antioxidant is only used in stopping oxidation 
chains, then under stationary-state conditions 
[AH | AH Rd ; (ii) 


0 


where ‘AH |, is the initial concentration. From (i) and (il) 


0 


I _ he J[AH)o (iii 
d(O,|/dé— Rk, ky TH R, f 
If Ry is constant for the period in question, and further if it is negligible compared with 
d{O,}/dt, then a plot of 1/(-—-d{O,}/dé) against time should be linear 
As regards the first condition, it is known * * that approximately 1% of AZDN decom 
poses in | hr. at 50°, so that in these experiments (maximum duration 2 hr.) the amount of 
initiator could be taken as constant throughout. It is, however, also known’ ® that not 
every radical derived from the decomposition of AZDN starts chains; Bateman and Morris 7 
find that the ratio of R, to the total number of radicals produced in the same time is 0-5 in 
tetralin at 45°, while in the present work it was found by the same method to be 0-6 at 50°, 


* Overberger, O'Shaughnessy, and Shalit, J. Amer. Chem. Soe 1949, 71, 2661 (cf. Melville and 
Cooper, /., 1951, 1994 
15 and Mellish, Trans. Favaday Soc., 1051, 47, 1223 
Bateman and Morris, Trans. Faraday. Soc., 1052, 48, 1149 
Hammond, Sen, and Boozer, /. Amer. Chem. Soc., 1955, 77, 3244 
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lor constancy of K, it is therefore also necessary that this ratio should be constant under 
the conditions used and unaffected by the presence of an antioxidant. From the results 
quoted below it seems clear that this condition is, in fact, fulfilled, and Fig. 4 shows that at 
constant [AH], the initial rate of oxidation varies linearly with [AZDN}. 

[he quantity measured in these experiments was the net absorption of gas by the 


1 bic. 1. W’lot of initial rate of oxidation 
against 1|{antioxidant), 
© 2-tert.-Butyl-4 : 6-dimethylphenol 
@ ‘uinol 


1 I J J 
500 /000 /500 2000 


[AH } (moles 1} / 


f { dG/di)"' agamst time 
nstant at 10°* mole/l 


@ 2-lert Butyl-4: 6 limethylphenol, 
@ 2: 4-Dimethylphenol 


60 
Time (min) 


tem dG/dt, which is of course the resultant of the absorption of oxygen by the 
tetralin d{O,}/dt, the absorption of oxygen by AZDN radicals, and the evolution of 
\itrogen by decomposing AZDN molecules. If dG’/dé, the sum of the last two terms, and 
RK, are together negligible compared with the rate of absorption of oxygen by the tetralin, 


Ie (Ans Al ne 


dG/dt ~ k,{TH)) R, | 


{iil} become 
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Chis equation held satisfactorily in all cases tested, below a particular antioxidant concen- 
tration depending on the activity of the antioxidant, t.¢., above a certain rate of oxidation, 
lig. 2 illustrates this point; it will be seen that with the two better antioxidants the rates 
of oxidation are at first too low for (iv) to hold (though the earliest deviations are partly 
due to initial disturbances of the system), but later, when (RK, 4+ dG'/dé) has become 
negligible compared with —d{O,}/dé, (iv) is closely followed; (iv) also predicts that the 
intercept of the 1/(—-dG/dé) against ¢ line should be [AH)|,/A, times the slope, and Fig, 3, 
which gives the results of plotting the slopes against the intercepts measured for a 


Fic, 4. Plot of tnitial rate of oxidation 

Plot of slopes against intercepts from the against initiator concentration ({AH] con- 

(—-dG/dt)"'-time graphs fant at 10°* mole /i. of 2-tert.-butyl-4: 6 
dimethylphenol). 


-/\ 


4 , =f 
\wo/es L min 


/ 


( 4G/ar) 


s/s 
VA 


, 


———EEE | on 4 1 
2 a 6 8 Ook. 4 ee Ta 


10*« Intercept (moles -~'min~')™ Ou 0710 020 
[A Z0N| (motes -~') 


/ 


series of antioxidants at constant [AH],, shows that there is in fact a constant pro 
portionality between the two quantities. 

Whilst this work was in progress, Boozer, Hammond, and their co-workers ® brought 
evidence to show that with antioxidants of “ intermeciiate activity " the simple hydrogen 
abstraction reaction (6) is not the chain-termination step in the inhibited oxidation of 
tetralin and cumene. This led the authors to postulate a two-stage reaction involving first 
the reversible formation of a molecular complex between RO,: and AH, followed by reaction 
of this complex with another peroxide radical giving inactive products. In the case of 
phenol and diphenylamine the rate of oxidation was shown to be proportional to 4/R, and 
1/4/[AH]}. 

In the present paper phenol and compounds | and 2 shown in Table 1 were found to be 
of such low antioxidant activity that the linear relation between 1/(—dG/d#) and time 
[equation (v)] no longer applies. But for all other compounds listed in the Table there is good 
evidence that the kinetic scheme and underlying assumptions are sound, and one may 
therefore consider the antioxidant activities so measured 

Relative Antioxidant FE fictencies.—-Table | gives the relative values of the rate constant 
k, for capture of tetralyl peroxide radicals, determined in the form of the ratio kg/k, at 
50°, for a series of simple phenols. 

Effect of varying substituents in the para-position. The values for compounds 1—8 
show that, in the para-position, an electron-releasing substituent (alkoxyl, alkyl groups) 
generally improves the efficiency and an electron-withdrawing substituent impairs it. The 
values for tiie very poor antioxidants phenol, ~-chlorophenol, and p-nitrophenol have 


* (a) Boozer and Hammond, J. Amer. Chem. Soc., 1964, 76, 386) hb) Boozer, Hammond, et al, 
thid., 1955, 77, 3233; (c) Idem, ihid., p. 323% 
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qualitative rather than quantitative significance, because the rates of oxidation here are 
becoming close to the “ uninhibited” rate, so that termination by reaction (5) cannot be 
ignored, and because there is some evidence !° that the phenoxide radicals in these cases may 
be able to re-start chains. 

Lffect of polysubstitution by alkyl groups. Polysubstitution by alkyl! groups is, as might 
be expected, more effective than monosubstitution. Moreover, the total effect of the 


fanLe 1. Phenols; Effect of substituents on radical-capture efficiency and hydroxyl 
band frequency 
OH Band OH Band 


frequency frequen y 


No ubstituent hglhg cm.~*) No Substituent halk, (cm.~! 
ingle para-substituents Three substituents 
] p-NQO, 52 $597 22 2:4:6-Bu‘, 1430 S642 
” pCO, 52 23 2:4: 6-Me, 3070 3621 
5 Hi 83 S610 144 2: 4-But, 6-Me 3240 
‘ p-Me 291 3610 25 2: 6-But, 4-Me 1990 3645 
) p- Tut 464 S614 26 ©2-But, 4: 6-Me, 3320 S618 
6 p-CH,PhO 1710 3616 
” Buel 2330 Other ce mpound 
5 p-OH 5540 3620 27 « Naphthol 3950 
28 B-Naphthol 830) 
Other single substituents 29 1-Hydroxyphenanthrene 4060 
i) m-Me 193 $0 2-Hydroxyphenanthrene 437 
10 Me 522 3612 31 3-Hydroxyphenanthrene 990 
1! Ibut 787 3609 32 4 Hydroxyphenanthrene 3090 


Iwo substituents 


12 5 )-Me a 545 
13 2: 3-Me, 591 
14 3: 4-Me, 697 
15 2; 4 Bu, 1430 S610 
16 2: 4-Me, 1310 3616 
17 1.But, 4-Me 1660 3611 
ik 4-Lut, 2-Me 1580 
iv 2; 6-But, 967 3640 
20 2: 6-Me, 1110 3621 
21 2-Lut, 6-Me 1450 3620 


various groups in a di- or tri-substituted compound on the logarithm of &, is usually the 
sum of the effects of the individual groups in the appropriate monosubstituted phenols 
his is shown in Fig. 5. Here, values of A log k have been set up for the 2-, 3-, and 4-methyl, 
and 2- and 4-tert.-butyl groups, and the rates then calculated for the polysubstituted 
compounds by simply summing the appropriate logarithm increments. As can be seen, 
agreement between calculated and observed rates is quite good until substituents are 
inserted in both the 2- and the 6-position. For all such compounds, the observed rates of 
chain termination are lower than expected, the discrepancy being especially marked in the 
case of 2; 6-di- and 2; 4: 6-tri-tert.-butylphenols. The interpretation of this seems clear : 
the alkyl groups influence the ease of fission of the O-H bond by the usual mesomeric effect. 
[his is primarily reflected in the activation energy, E,, and each group makes its own 
individual contribution to the lowering of F,, unperturbed by the presence of other groups. 
lhe mesomeric effect is greatest when the O-H bond lies in the plane of the benzene 
ring. [tis only where two ortho-substituents are present that this is unlikely to be the case 
When two such groups are present, the conjugation of the p-electrons of the oxygen with the 
electrons of the ring will be impaired, and the electronic effects of the substituents will no 
longer be sosimple. Moreover, it is likely that steric factors will become important, and will 
cause the rate to fall rhe chemical properties of the 2 : 6-dialkylated phenols, as is well 
known, exhibit this “ hindrance.”’ ‘ 
Lhe Infrared Spectra of Phenolic Antioxidants,-In the discussion in the preceding para 
graph, it has been tacitly assumed that the hydrogen atom which is concerned in radical 


Bolland and ten Have, Diseu Faraday Soc., 1947, 2, 252 
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capture is that attached to the oxygen atom. If this is true, the properties of the O-H 
bond must be relevant to antioxidant activity, and the most obvious one to investigate is 
the force constant for stretching, as revealed by the frequency of the appropriate band in the 
infrared spectrum. These frequencies have been measured, and are recorded in Table 1. 

In the series of fara~-monosubstituted compounds (1-—8), there is a progressive increase 
in the O-H stretching frequency (measured in dilute solution in carbon tetrachloride) with 
increasingly electron-repelling substituents. Although the effect is not large, it is quite 
definite: the difference between the extreme cases (p-nitrophenol and quinol) is 23 wave- 
numbers, whilst the limits of resolution are 2—-3 wave-numbers. There is, therefore, a 
correlation between the force-constant for O-H stretching and the radical-capture efficiency. 
Curiously, the direction of this correlation is the reverse of what might have been 
expected : '! active radical-capture agents are presumably those for which the resistance 
to the total rupture of the O-H bond is /east, and yet it is now found that in these cases the 
resistance to small displacements (those brought about by infrared quanta) is greatest 


rr 
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Such a state of affairs is of course physically quite possible, but is rather difficult to interpret 
For the present, it will not be further discussed 

Correlation of Radical-capture Efficiencies in Different Oxidations.-It is of interest to 
find out whether variations in the structure of the peroxide radical RO,* are accompanied 
by any change in its relative reactivity toward various antioxidants. Table 2 shows a 


TABLE 2. Comparison of radical-capture efficiencies in the autoxidation of tetralin and 
ethyl linoleate 
Kelative efficiency in 
( vmpound tetralin (50 ethyl linoleate (45 
Quinol l l 
a-Naphthol O75 0-56 


B-Naphthol ; OS O77 


comparison between the present results in tetralin and those of Bolland and ten Have *# 
in ethyl linoleate. Irom this it appears that the efficiencies run parallel and that results 
are not greatly dependent on the nature of the peroxide radical 

Quantum-mechanical Considerations.—If we accept the view that it is the O-H bond 


‘! Cf. Walsh, Trans. Faraday Soc., 1947, 43, 60 
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which participates in the termination reaction, and that variations in antioxidant efficiency 
are due mainly to changes in the activation energy L, of reaction (6), it is possible to con 
ider the effect of structure on antioxidant efficiency, from the quantum-mechanical aspect 
If the linear relation between the activation energy and the heat of reaction found in some 
cases “ exists here also, then when AH is varied a linear relation may be expected between 
log ke and Dy, the energy of the dissociation of AH into A’ and H:, which in turn will 
depend on the energy U of the most loosely held mobile electron in the compound in 
question 
[he quantity U is very readily evaluated by the non-bonding molecular-orbital method 
due to Longuet-Higgins ® and Dewar.“ If the non-bonding molecular-orbital 
coefficient « at that atom in the isoconjugate system which is replaced by oxygen in the 
hydroxy-compound, the corresponding energy level, in units of bec, = «8 where a, 36. 


and Boo Goce If it is desired to distinguish between the magnitudes of bce and B.., writing 


90 


6. Correlation between relative radical 
capture efficiencies (hg/k,) and energi f 
the highest occupied (non-bonding) molecular 
orbital 


) 1-Hydroxyphenanthrene 
2) 2-Hydroxyphenanthrene 
3) 3-Hydroxyphenanthrene 
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Molecular-orbital energy (kca/) 


4, yboc, this has the effect of changing the energy level to «,*3/)*|1 — «,*(1 — 1/,*) 
ince a,* is usually small compared with unity, the parameters enter into the energy ex 
pression as a virtually constant factor 3/,* which is irrelevant in a correlation with experi 
mental data. That this method of estimating U is reasonable is demonstrated by carrying 
out the complete molecular-orbital calculation. Results obtained by Long and Sykes ' ar 
given in Table 3 and are similar to those of the simplified calculation for the same choics 
of parameters (8 = 2, y = 2) 
lABLE 3. 
Energy of highest occupied orbital (units of B} 
Compound by solution of secular equation from non-bonding molecular-orbital met! 
Vhenol ; 0-458 0-500 
x Naphthol 0-307 0-340 
8 Naphthol oon 0-381 0-429 
Values of U plotted against log k,/k, in Fig. 6 have been determined by using 8/)* = 2 
As can be seen, the correlation is good. Again, in a recent paper, Hush ' found that the 
changes in unsaturation energy in the formation of phenoxide radicals are related to th 
tandard redox potentials of the phenols as measured by Fieser’s “ critical potential ”’ 
method, !? 
Evans and Polanyi, Trans. Favaday So 1935, 31 875 
Longuet-Higgins, |. Chem. Phys., 1950, 18, 265 
* Dewar, /. Amer. Chem. Soc., 1952, 74, 3341 
Long and Sykes, {. Chim. phys., 1950, 47, 361 
Hush, /., 1953, 2376 
Pieser, /. Amer. Chem. Soc., 1930, 52, 5204 
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Further, using the non-bonding molecular-orbital method, he has expressed the change 
in unsaturation energy in terms of the x-electron densities at the extracyclic oxygen atom 
and found that these also are related to the redox potentials 

To investigate the effect of substituents from a similar standpoint, we may suppose that 
they have the effect of changing the electronegativity of the carbon atom to which they are 
attached. Correspondingly, let the Coulomb integral be changed to a -+- 868; U may then 
be calculated in terms of 8, and from the observed relationship between U and log kg/k,, 
and the known values of log kg/k, for the particular compound, 8 can be calculated. For the 
alkyl groups most extensively investigated, methy! and /ert.-butyl, the 8 values are respec- 
tively —0-55 and —0-75, Although not much significance can be attached to the precise 
numerical values, it is reassuring that the sign of the effect is in accordance with the electron- 
repelling character of these groups. 

The effect of meta-substituents, 1.¢., those attached to unstarred atoms, vanishes to a first 
approximation. But if we include the inductoelectromeric effect }* with auxiliary inductive 
parameter ® == 1/3, then a meta-substituent should produce 2/3 of the destabilisation effect 
of a substituent in an adjacent starred position. This is evident since the two adjacent 
starred positions have numerically equal coefficients. Finally, it may be shewn that when 
the electronegative effect of the oxygen is explicitly included in determining the charge 
distribution in the highest occupied orbital, the charge densities at the meta-positions are of 
the order of 1/5 of those for ortho- and para-positions. Now this appears insufficient to 
explain an appreciable direct meta-substituent effect on its own account and we must 
conclude that the inductive effect of the substituent at the adjacent active atoms is the 
main reason for the existence of activation by meta-substitution. 


EXPERIMENTAI 


Materials.-Tetralin was purified by shaking it with concentrated sulphuric acid to remove 
hydroperoxide, dried, and refluxed over sodium for a few hours in nitrogen, after which it was 
distilled through a 35-plate Vigreux column. Before use residual impurities (believed to be 
traces of metals) were removed by passing small amounts of the distillate through a 
2cm. x 3cm. column of alumina, The material so obtained showed a negligible rate of oxid 
ation at 50° in the absence of added initiator; b. p. 205°, n? 15411. 

Azoisobutyronitrile (AZDN), recrystallised from ether, had m, p. 103°, 

Antioxidants were purified by distillation or recrystallisation from suitable solvents, 

Method.—The oxidation was carried out in small Warburg-type manometers with dibutyl 
phthalate as the manometric liquid. The tetralin solutions were contained in 10 c.c, glass 
cells which were connected to the manometer via a standard glass joint and a glass spiral (flexible 
enough to allow the cell to be efficiently shaken on an eccentric), the whole assembly being 
immersed in a thermostat normally at 50°. Shaking was always rapid enough to ensure that 
transfer of oxygen was not rate-controlling. In making up the solutions, initiator was first 
weighed into the cell, followed by tetralin from a microburette, and a solution of antioxidant in 
tetralin from a microsyringe to make up the volume to 2:00 ml. ‘This enabled very small 
quantities of antioxidant (10°°*—10~ mole/l.) to be accurately introduced. The movement of 
the manometer liquid was observed with a cathetometer, and from time to time the level was 
readjusted by admitting more air or oxygen into the bulb 


The authors thank Mr. M. N. Berger for work done in the early stages of this research, and 
express their appreciation of helpful discussions with the late Professor M. G, Evans, Sir Cyril 
Hinshelwood, and Professor H. W. Melville. They are indebted to Mr. M. St. C. Flett for the 
infrared absorption measurements. 
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959. Kinetics and Mechanism of Bromination of Phenol with Bromine 
and lodine Bromide in Glacial Acetic Acid and Carbon T'etrachloride. 


By Lourpu M. YEDDANAPALLI and N. S. GNANAPRAGASAM. 


The kinetics of reaction of phenol with (a) bromine and (6) iodine mono 
bromide in acetic acid and carbon tetrachloride has been studied by a 
method applicable to short reaction times. Reaction (a) in acetic acid is of 
first order with respect to phenol and bromine severally. The other bromin 
ations are of first order with respect to phenol and of second order with 
respect to reagent. Activation energies are calculated. Reaction (b) in 
both solvents is catalysed by iodine monobromide (not by iodine). Reaction 
mechanisms are discussed 


liu main difficulty in the kinetic investigation of the bromination of phenol by bromine 
appears to be the extreme rapidity of the reaction even at low concentrations. Robertson 
et al.’ reported that reaction of 0-001 Mm-phenol and bromine in anhydrous acetic acid is 20°%, 
complete in 0°82 min. Two possible ways of rendering the reaction tractable seemed to be 
the use of a milder brominating agent, and the modification of the experimental procedure 
to permit of rate-measurements within intervals of seconds. Iodine monobromide was 
found, in our investigations of cashew phenols,’ to be a mild brominating agent for the 
phenolic nucleus ; it is known to react with phenol in non-aqueous solvents, such as glacial 
acetic acid and carbon tetrachloride, to give only p-bromophenol.*.* Its use and a 
modified experimental procedure are now reported, reaction being carried out in acetic 
acid and in carbon tetrachloride. For additional information, bromination of anisole 
in the latter solvent was included, Fresh experimental data have also been obtained 
regarding the disputed réle of iodine as catalyst in bromination of phenol.* ® 


EXPERIMENTAL 


Procedure rhe halogen and phenol solutions (5 c.c. each), in several glass-stoppered 


bottles and corked test-tubes respectively, were placed in a thermostat maintained within 

0-05' After the solutions reached the bath-temperature, the phenol solution was quickly 
emptied into the halogen solution, and the mixture was allowed to react for a definite time, even 
as short as 5 sec., after which the reaction was arrested by quick addition of potassium iodide 
olution, the liberated iodine being titrated against standard sodium thiosulphate. 

Glacial acetic acid (f. p. 158°) was used without treatment. Anhydrous carbon tetra 
chloride was prepared by fractionation of a sulphur-free K.P. quality sample (b. p. 76-5 
76-7°/760 mm.) 

Reproducibility is illustrated by the duplicate results 50-4 and 49-9 for the first entry in 
the second column of Table 3, and 55-8 (twice) for the second entry there 


Results in Acetic Acid 


Bromine Reaction (a) Over-all order, WRate-measurements were made with phenol 
and bromine in acetic acid over the concentration range 0-001-—-0-02m, Fig. 1 and Table 1 
show the results The total order of the reaction (see Table 1) is evidently two 
(b) Jndividual orders, Ostwald’s isolation method was employed for evaluating the kinetic 
order with respect to bromine, The concentration of phenol was kept at a constant large 
excess, 0-02M, and that of bromine varied from 0-002 in the first to 0-001M in a second experi 
ment rhe time required for a definite fraction of the reaction was found to be independent of 
the initial concentration of bromine, so that the order with respect to bromine is one 


on, de la Mare, and Swedlund, /., 1953, 782 
Thesis, Madras, 1951; Yeddanapalli and Paul, ] Set. Ind Res. (India), 1953, 12, B, 


/. Amer. Chem. Soc,, 1938, 60, 256 
nett and Sharpe, /., 1950, 1383 
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TABLE 1. Total order of the reaction between phenol and bromine, 


Solvent : acetic acid Temp 30 


Kr n br ”" 
reacted a b ty ty (total reacted a b t, i, (total 
mole/i.) (mole/l.) (sec.) (sec.) order) (%) (mole/l.) (mole/! (sec.) (sec.) order) 
40) 0-020 0-010 4 9 2-17 40 0-004 0-002 26 50 1-04 
60 0-020 O-OL0 10 23 2-20 50 0-004 0-002 40 75 1-91 
1) O-OLo 0-005 9° 20 2-15 20 0-002 0-001 10 42 2-14 
60 0-010 0-005 23 53 2-20 40 0-002 0-001 iO ov ov 


Ktate-measurements were also made with phenol concentrations of 0-02--0-0lm, that of 
bromine being constant at 0-001m, The rate of the reaction can be represented by 


diC,H,BrOH | /dé kia ¥)"(b x) IN ease «. 4a 


vhere a and b are the initial concentrations of phenol and bromine respectively, x the amount 
of each reacted in time ¢, and n the order with respect to phenol, When 40% of the bromine 
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has reacted, # is only 0-0004mM and therefore negligible when compared to a, 0-02 and 0-01M 
Eqn. (1) then reduces to 
d[(C,.H,BrOH } /dé = k’(b r) —_— . * - 
where #’ is a first-order rate constant and is equal to ha" The values of #’ are 8-8 &* 10% and 
4-7 107 ata 0-02 and 0-01M respectively From this n is found to be 0-91, so that the 


order with respect to phenol is one 

c) Activation energy Rate constants corresponding to 20°%,, 25%, and 30%, reaction were 
calculated for phenol and bromine (0-001M each) over the temperature range 20-——40°. Fig. 2 
shows plots of log & against 1/7°(K). From the slopes the calculated activation energies are 
4-81, 4-81, and 4-88 kcal. mole for 20, 25, and 30% reaction respectively, the average being 
4-83 + 0-05 kcal. mole", 

It may be noted that the time required for 20% bromine consumption at 0-001M at 25° in 
glacial acetic acid in our case, viz., 0-80 min., agrees with the value 0-82 min. in anhydrous 
acetic acid reported by Robertson et al. 

Phenol -lodine Bromide Reaction.—(a) Over-all kinetic order. lLodine bromide of the required 
concentration was prepared by mixing equal volumes of equimolar solutions of iodine and 


bromine in glacial acetic acid. The reaction between phenol and iodine bromide was found to 
be homogeneous (as tested by a four-fold increase of surface olume ratio by addition of small 
pieces of glass tubing), and not light-sensitive In order to evaluate the over-all kinetic order, 


rate-measurements were made with equimolar 0-001—0-Im-solutions of phenol and reagent 
[he percentage of halogen reacted at each concentration was plotted against time and from 
the curves the times required for definite fractions of the reaction at different initial con 
centrations were read off These together with the calculated kinetic orders are represented 


in Table 2, from which it is seen that the over-all order is three 
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(b) Individual orders. The order with respect to iodine monobromide was determined by 
keeping the phenol concentration at 0-Im and changing that of the reagent from 0-01 to 0-005m 
rhe times required for 20% of the halogen to react in the two cases were 70 and 139 sex 
respectively, from which the calculated kinetic order is 1-99. The kinetic order for phenol was 


determined by the same procedure as with bromine, the iodine bromide being 0-005m and 


TABLE 2. Total order of reaction between phenol and iodine bromide. 
Solvent; acetic acid. Temp.: 30 


Halogen n Halogen n 
reacted a b ty ty (total reacted a b ; tl, (total 
( mole/l.) (mole/l.) (see.) (sec.) order) (%) (mole/l.) (mole/I sec.) (sec order) 
it 0-100 0-050 2- mf 12 0-020 0-010 5 216 3-08 

20 0-100 0-050 3-13 16 0-020 0-010 g 645 3-05 

12 0-050 0-025 2{ 2: s 0-010 0-005 f 276 3-00 

16 0-050 0-025 2-f 4 0-002 0-001 3450 3-09 


phenol 0-1l-—0-06m, The values of the second-order rate constants 4’ are 1-92 and 
1-05 |. mole sec. at a 0-1 and 0-05m respectively, so that the order with respect to phenol is 
0-87, close to unity 


MiG, 2 Plot of log k against 1/7 (°K) for Fic. 3. Plot of log k against 1/T (°K) for 
different extents of the veaction between different extents of the reaction between phenol 
phenol and bromine (0-001m each): A, 30%; and 1Br (0-Olm each): A, 12%; B, 14%; 
8B, 25%; C, WY, C, 16% 


0925 


4. 


J/ 2 JJ ya 
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(c) Activation energy. Rate constants for the reaction at 0-01M-concentrations at 20-—40° 
were calculated from experimental data for different extents of the reaction The activation 
energies calculated from the slopes for 12, 14, and 15%, reaction (Fig. 3) are 9-76, 9-71, and 
9-69 kcal. mole respectively, average 9-72 +. 0-04 kcal. mole", 

(d) Llodine bromide catalysis. In order to examine the effect of iodine on the rate of bromin 
ation experiments were made in which the concentration of iodine was progressively increased 


TABLE 3. Effect of iodine on rate of bromination of phenol. 
wolvent: acetic acid, Temp 30 Initial concns.: phenol, 001m; bromine, 0-005m 
Conen. of added ir reacted (%) Total I Concn. of added br reacted (%) Total I 
iodine (mM) in first 15 sec Total Br iodine (m) in first 15 sec ‘Total Kr 
00-0000 50-4 00-0040 21-2 
0-0006 55-8 , 0-0050 75 
0010 59-9 > 00-0075 20 
O-0020 55-5 . 0-O0100 0-5 
00-0080 37-0 


from 0 to 0-Olm, the phenol and bromine solutions being constantly 0-Olm and 0-005m 
respectively. The results are summarised in Table 3. Column 2 gives the percentage of 
bromine reacted within the first 15 sec, for varying amounts of added iodine, and column 3 the 
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ratio of total iodine to bromine. From Fig, 4, which represents the plot of the percentage of 
bromine reacted against the iodine : bromine ratio, it is seen that the rate of bromination is a 
maximum when this ratio is 0-31. The significance of this maximum rate may be brought out 
by the following considerations. It is known that the equilibrium constant for the reaction 
I, Br, = 21 Br in an acid medium is quite large, ¢.g., 5-26 x 10 at 26° in 4n-hydrobromic 
acid. It may therefore be assumed that in acetic acid the iodine added to bromine will be 
present almost wholly as IBr, Since the concentration of total bromine is 0-005m and the ratio 
of total iodine to bromine at the catalytic maximum is 0-31, the iodine concentration corre- 
sponding to this maximum will be 0-31 x 0-005, i.¢., 0-00155m, Given that each iodine 
molecule I,, gives two I Br, the concentration of the latter is 0-0031, so that free bromine is equal 
to total bromine 0-005 minus the bound bromine 0-00155, t.¢., 0:00345m. The ratio, then, of 
[Br to free bromine becomes 0-0031/0-00345, equal to 0-9, approximately one. It may there- 
fore be concluded that the maximum rate corresponds to the presence of equimolar amounts of 
I Br and free bromine In other words, I Br appears to be the catalyst in this bromination. 
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Results in Carbon 1 etrachloride. 
line Bromide Reaction,—(a) Kinetic order The reaction is not light-sensitive and 
nsi affected by a four-fold increase in surface: volume ratio and so essentially 
homogeneou The kinetic order of the reaction is three in the concentration range 0-02 
0-002M able 4 Experiments with 0-05mM-, 0-05m-, and 0-025m-phenol and 0-005m 
0-0025mM-, and 0-0025M-iodine bromide respectively showed that the time required for 6%, 
halogen consumption in the three cases was 30, 60, and 123 sec. respectively, from which the 
kinetic order was found to be two with respect to iodine bromide and 1-04 with respect to 
phenol 


TABLE 4. Total order of the reaction between phenol and iodine bromide. 
Solvent : carbon tetrachloride. Temp.: 30 


n Halogen n 
a b ty ty (total reacted b ty total 
mole/l.) (mole/l.) (sec.) (sec.) order) (%) ole /| mole/l ( (sec.) order) 
0-020 0-010 39 170 3°12 6 0-010 0-004 76 458 2-06 
0-020 0-010 vO 360 3-00 2 0-004 6-002 oO 245 3-03 
0-010 0-004 22 140 3-02 4 0-004 0-002 206 720 2-81 


b) Activation energy. ‘The halogen consumption on reaction of phenol and iodine bromide 
0-Olm each) in the temperature range 0—-40° is represented in Fig. 5, which shows a slight 
increase in rate from 0° to 20°, but a marked decrease between 20° and 40° lo determine the 
exact temperature of this rate inversion, third-order rate constants for 10% of the reaction at 
different temperatures (Table 5) are plotted against temperature in Fig. 6 which shows the 
inversion to occur at 19 lhe apparent activation energy calculated from the rate constants 
at 0--10° for 10, 14, and 18%, reaction is 3-38, 3-46, and 3-49 respectively, the average being 


ull, J. Amer. Chem. Soc., 1934, 56, 522 
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TapLe 5. Rate constants at various temperatures for phenol-rodine bromide reaction. 


olvent : carbon tetrachloride. Phenol and IBr, 0-Olm each. Extent of reaction: 10° 
Temp ; smseobes 0 5 10 20 30 35 
kh, (1% mole* s veessreicove - Cae 58-6 99-6 112-6 48-5 30-7 


] 


344 0-06 kcal, mole, Similarly at 30—40° E for 6, 8, and 10% reaction is — 18-55, 
and ~ 18-42 respectively (average — 18-46 + 0-10 kcal. mole ') 
Kate of halogen consumption at various Vic. 6. Plot of third-order vate-consta 


vatuyre for phenol Iibr veaction at for phenol-\ Br reaction against temper 
0 Olm-concentration alure 


3} 
20 » | 
6) 


TAird-order rote constent 


i 
6 9 


Time (mia ) 


Plot of the pe rcentage of bromine > Plot of 
n the first 16 seconds against the ( phenol-by 
total iodine to bromine temperatuy 


rT a 


4 _ - { 
O25 3 io IS 
Toto! 1, /Tora! er, Temp.(%) 


(c) Iodine bromide catalysis. The rate of bromination of phenol in presence of 0—0-01m 
dine, phenol and bromine being constant at 0-01M and 0-005M respectively, was determined in 
he same manner as in the case of acetic acid. The percentage of bromine which reacted in the 
rst 15 sec. for various amounts of added iodine is represented in Fig. 7 from which the maximum 
ate is seen to correspond to an iodine : bromine ratio of 0:30. The equilibrium constant at 25 

for the reaction I, 4+- Br, == 21 Br in carbon tetrachloride is reported by Yost ef al.’ as 363-1 
and its heat of reaction * as —3260 cal. mole*. The value of K at 30° calculated from these 
data is 331-6, so that the concentrations of iodine bromide and free bromine at the catalyti 
maximum are, respec tively, 0-0030m and 0-0035m, from which the ratio of iodine bromide to free 


on, and Skoog, ]. Amer. Chem. Soc., 1933, 66, 552. 
st, ibid., p. 4489 
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bromine is 0-85, approximately unity. Hence, it may be concluded that the rate of bromination 
of phenol in carbon tetrachloride is a maximum when iodine bromide and free bromine are in 
equimolar concentrations, as in the case of acetic acid. 

Phenol-Bromine Reaction.~-—The over-all kinetic order of this reaction between 0-002M and 


0-001M is three. It shows the same peculiar temperature effect as the phenol-iodine bromide 


f is 3-24 and at 25 


reaction, with an inversion point at 19° (Fig. 8) The value of & at 0—10 


30 24-37 kcal. mole". 

Anisole-lodine Bromide Reaction.—This reaction, which is also kinetically of the third order, 
has a negative temperature coefficient at 20-40 [he third-order rate constants for 2%, 
reaction at 0-01lM-anisole and -iodine bromide are 0-90, 0-70, and 0-561.% mole sec.“' at 30°, 


35°, and 40° respectively, from which E is found to be 8-89 kcal. mole" 


DISCUSSION 


Mechanism in Glacial Acetic Acid.—Phenol-bromine reaction. The general mechanism 
of aromatic bromination in acetic acid solution proposed by Robertson * involves a direct 
electrophilic attack by a neutral bromine molecule on the aromatic compound, forming an 
intermediate of the type ArH-Br,, in which the bromine molecule is polarised into Br’ Br 
his is followed by the slow rate-determining step, namely, the removal of the bromide 
ion Br~ from the intermediate complex, leading to ArHBr*. The final step, elimination of 
a proton from ArHBr'’, is a fast reaction, as was demonstrated earlier by Melander.’® The 
following is the sequence of reactions : 


ArH + Br, === ArH,Br, 


Slow 


ArH-Br, —— ArHBr’ 4+. Bi 


Ps 
ArHBr* ——» ArBbBr +- H* 


Ht + Bre ——» HBr . (6) 


rhe intermediate molecular complex shown in eqn. (3) is supposed to have the following 


sr — Br ~ . 
H — 


(th) 


resonance structures : 


It is rather difficult to see how (I)—(III) can be called resonance structures at all. 
Structure (I) represents a polarised benzene molecule and a neutral bromine molecule, 
there being no chemical bond between them. Structure (III) again represents two separate 
entities, namely, the positively charged ion C,H,X' br and a bromide ion Br~. Structures 
(I) and (III) therefore correspond to the configuration of the molecular species on the left- 
hand side of eq. (3) and the right hand side of eqn. (4) respectively. Hence we have to 
conclude that the intermediate proposed by Robertson must have structure (II) 

Now, 1: 1 molecular complexes between aromatic compounds and halogens, similar to 
structure (II), have been shown to exist in an inert solvent such as carbon tetrachloride by 
Keefer and his co-workers !! by spectrophotometric studies. But there is no experimental 
evidence for such complexes in a polar solvent such as acetic acid; in fact, experimental 
evidence shows that in acetic acid the halogens are polarised into X*X~ by solvation." 
Nevertheless, one may consider structure (II) to represent the configuration of the activated 
complex in the reaction. 

rtson, J., 1954, 1267 

 Melander, Arkiv Kemi, 1950, 2, 213 

'! (a) Keefer and Andrews, /. Amer. Chem 
1051, 73, 462 b) Keefer, Blake, and Andrews, shid., 1954, 76, 3062; Keefer and Andrews, thid , 


1955, 77, 2164 7) Ogimaschi, Andrews, and Keefer, i/id., p, 4202 
48 Fairbrother, /., 1948, 1051; Bayliss, Nature, 1949, 168, 764; Mulliken, /. Amer. Chem. Soi 


1950, 72, 600 


. 1950, 72, 4677, 5170; Andrews and Keefer, ibid,, 


‘es 
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In view of these considerations, the following scheme is proposed for the mechanisin of 
bromination of phenol in glacial acetic acid : 


he 
CH, OH + Bry- ee (CgH,OH’ Br- Br) —» C,H,-OH br + Br 
Activated complex 


CyHyOH Br ——> C,H,BrOH + H’ 


H* +. Br- ——> HBr 
Fast 


lhe rate of production of monobromophenol is given by : 
d(C,H,BrOH)/dt = k(C,H,-OH || Br, 


in agreement with the observed second-order kinetics for the reaction and the orders with 
respect to phenol and bromine, namely, one each. The experimental value of 4-83 kcal. 
mole! for the activation energy evidently refers to the rate-determining step, eqn. (7). The 

mall value of the energy of activation is in keeping with the extremely fast rate of bromin- 
ation of phenol by bromine (cf. Fig. 1). 

Phenol iodine bromide reaction. As pointed out above, iodine bromide is a brominating 
agent for phenol in glacial acetic acid and in carbon tetrachloride; it is so even in nitro 
benzene, so that the reacting halogen seems to be bromine. The mechanism proposed by 
Militzer * for this reaction in carbon tetrachloride, as represented by : 


C,H,OH 4} IBr—» p-C,H,BrOH + HI . . . . (10) 
HI + IBr—wI,+ HBr ...... . (ii) 


has been criticised by Bennett and Sharpe * 1% on the ground that it involves polarisation 
into | Br’, contrary to the greater electropositive character of iodine than of bromine. 
lhey suggested therefore that bromine arising by thermal dissociation of iodine bromide is 
the actual brominating agent, iodine probably acting as catalyst. . 

lodine bromide is known to dissociate to about 9-5% at 25° in carbon tetrachloride,’ 
but to a much smaller extent in an acid medium such as hydrobromic acid.* In acetic 
acid also, dissociation will be small, as shown by the fact that bromination by bromine is 
much faster than that by iodine monobromide (the times required for 16% reaction at 
(-Olm-concentration in acetic acid are about 2 sec. for bromine, cf. curve B, Fig. 1, and 
645 sec. for iodine bromide, cf. Table 2). But Bennett and Sharpe's suggestion that iodine 
may be a catalyst in this reaction is against our experimental results (cf. above) that the 
addition of iodine beyond a critical amount retards the reaction and that in fact iodine 
bromide is the effective catalyst, as also suggested earlier by Robertson ° in connection with 
his criticism of Militzer’s mechanism. 

In keeping with the above considerations and our experimental results, the following 
mechanism is suggested : 


21Br=—=1,+ Br, (12) 


. 1Br 
CgHOH ——> (C,HyOH’ Br-Br] ——> C,HyOH'Br +. Br”. (13) 


2 ad 


C,H, OH' Br ——> C,HBrOH+H*. . . . . . (8) 


Ba 


H* +- IBr,~ 7 HBr + [Br gle? ts oe ee 


faking into account eqns. (13), (8), and (14) the rate of bromination is given by : 
d(C,gH,BrOH)/dt = A(CGHyOH)[Br,)[IBr} . . . . (15) 


his rate equation, including equimolar concentrations of iodine monobromide and free 
bromine, accounts for the catalytic maximum observed when the ratio of iodine bromide 
to free bromine is unity. With iodine bromide as the brominating agent, as in the present 


s8 harps / , 1953, 3713 
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case, eqn. (12) must also be taken into account, so that the concentration of bromine is 
evidently given by the expression {IBr}4/A, and eqn. (15) then becomes 


d.CgH,BrOH | /dé (CH OH [IT Br}th V/A (16) 


in agreement with the experimental finding that the total kinetic order is three, two with 
respect to iodine monobromide and one with respect to phenol 

As seen from the above reaction scheme, the observed activation energy is made up of 
the heat of dissociation of two moles of iodine bromide {eqn. (12)) and the true activation 
energy of the rate-determining step [eqn. (13)|. [he latter value may be assumed to be the 
same as for the phenol-bromine reaction, namely, 4°33 kcal. mole ', since the rate- 
determining step is essentially the same in both cases. The heat of dissociation of 2 moles 
of iodine bromide is then equal to the observed activation energy minus the true activation 

iergy, 1.é., 9°72—4-83 4-89, 1.¢., 2-45 kcal. per mok [his is of the same order of 
magnitude as found from vapour-pressure determinations * in carbon tetrachloride, vtz., 
1-63 kcal. mole}. 

Mechanism in Carbon Tetrachloride.—The bromination of benzene and toluene in carbon 
tetrachloride has been explained by Tsurata ef a/.'*.'° by a mechanism in which the rate 
determining step involves the removal of hydrogen bromide from a 1: | bromine-hydro 
carbon complex under the catalytic influence of iodine bromide 

CH, + Br, == C,H,, Br, (17) 

CH, Bry +- mI Br - art gH, Bi Hb mi Br (18) 
:xperimentally m is found to be 3 for benzene ** and toluene,’ and 2 for mesitylene.’* In 
the case of phenol, we find that the rate is a maximum when iodine bromide and free 
bromine are present in equimolar concentrations, so that for 1Br-catalysed bromination of 
phenol in carbon tetrachloride m is unity, and the rate-determining step may be 


repre ented by 
C.H,OH,Br, + Br > C,H OH Br + [Br, ; (19) 

lhe observed decrease in the over-all rate of the reaction between 20° and 40° must be 
attributed to the decrease, with temperature, of the concentration of one of the two 
reactants in the above rate-determining st« p. This cannot be iodine bromide, since the 
ame eflect is observed for bromination by bromine. Hence the other reactant, namely, 
the phenol-bromine complex, must be responsible for the negative temperature coefficient 
Experimental evidence for the thermal decomposition of hydrocarbon-halogen complexes 
has recently been provided by spectrophotometric studies,'".’ e.g., the value of equilibrium 
constant for mesitylene-bromine complex at 20° and 25° is 0-398 and 0-381 respectively 
It is reasonable to conclude that the , henol-bromine complex begins to dissociate sensibly 
above 19°, in order to account for th» observed negative temperature coefficient. It may 
be recalled that the negative temperature coefficient in the well-known third-order gas 
phase reaction between nitric oxide and oxygen is also attributed!’ to the thermal 
decomposition of the intermediate (NO),. 

Phenol-bromine reaction. In the light of the above discussion, the following mechanism 
is proposed for the phenol-bromine reaction in carbon tetrachloride 


- 
C,H,-OH + Br, = ©,H,OH,Br, (20) 

h 
C,H,-OH,Br, + Br, ——> C,H,-OH'Br + Br, (21) 


CgHyOH ' Br ——® C,H, brOH (8) 
> HE: Dy 


! i i i sndd barukawa J] | mer 
lem, ibid., 1954, 76, 904 
lake and Keefer, ibid., 1955, 77, 3707 


i 
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lhe rate of formation of monobromophenol is given by : 
d(C,H,Br-OH]/dt = kK'(C,H,-OH (Br, ra oe Se 

which agrees with the observed third-order kinetics of the reaction. 

fhe molecular complex, C,H,-OH,Br,, may be assumed to suffer little dissociation 
between 0° and 10 It is reasonable therefore to regard the observed activation energy 
of 3-24 keal. mole! in this temperature range as the real activation energy of the rate- 
determining step [eqn. (21)|; but beyond the inversion point (19°) the complex undergoes 
thermal dissociation with a consequent decrease of the reaction rate; hence the observed 
negative activation energy of —24°37 kcal. mole! between 25° and 30°. This value, as 
seen from the above reaction scheme, represents the sum of the activation energy of the 
rate-determining step {eqn. (21)} and the heat of formation of the complex (eqn. (20)], so 
that we have 

24-37 (obs. E) = 3-24 (true E) 4+ AH (heat of formation of the complex) (24) 

from which AH is —27-61 kcal. mole, This seemingly high value is not unreasonable in 
view of the extreme reactivity of phenol in bromination, and the known direct relation 
between the rate of halogenation of aromatic compounds and the negative heats of form 
ation of their halogen complexes!" 

Vhenol-rodine bromide reaction. The mechanism of this reaction must include the 
thermal dissociation of iodine bromide and also its participation, as catalyst, in the rate 
determining step. The following scheme seems to satisfy these requirements : 


21Br === I, + Brg Hive 

C,H,-OH + Bry <= CyH,OH, Br, . ss (20) 
C,H,-OH,Br, + IBr- —> (HOH Bi IBr, (19) 
CyHyOH' Br — —> CoH, BrOH + H Rie 2 oe Oe 

H’ + IBr, HBr }- [Br ; . (14) 


The rate of the reaction as given by eqns. (20), (19), (8), and (14) is 
d' C,H, Br-OH) /dt = kK’ [(C,H,-OH)| Br, 1 Br . (26) 


which agrees with the experimental finding that the catalytic maximum occurs at equimolar 
concentrations of bromine and iodine bromide. 

laking into account eqn. (12), in which bromine and iodine are produced in equal amounts 
from iodine bromide, the concentration of bromine is given by |[Br}4/A. Insertion of this 
expression for bromine in eqn, (25) leads to 


d(C,H,BrOH}/dt = (kK’s/K} (C,H, OH\IBr}?. . .. (26) 


which accounts for the over-all kinetic order of three, one for phenol and two for iodine 
bromuce 

The observed activation energy of this reaction at 0—10° (3-44 kcal. mole!) is almost 
identical with the true activation energy of the phenol- bromine reaction (3-24 keal, mole”!), 
and may therefore be assumed to be the true activation energy in the present case. On 
the other hand, the negative activation energy, —18-46 kcal. mole!, observed between 
30° and 40° is the sum of the heat of dissociation of two moles of iodine bromide [eqn. (12 
the heat of formation of the phenol-bromine complex |eqn. (20) |, and the activation energy, 
just deduced, of the rate-determining step [eqn. (19)). Hence 

18:46 (obs. / 3°44 (true £) — 27-61 (AH of formation of the complex) 
} 2AH (dissoc n of 1 Br) : ; (27) 


from which SH (heat of dissociation of IBr) is 2-86 kcal. mole?. The substantial agree 
ment of this value with that deduced from vapour-pressure data ® (1-63 kcal. mole”}) 
may be regarded as providing some justification for the proposed mechanism, 
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Additional evidence for the mechanism is furnished by a consideration of the activation 
energy of the anisole-iodine bromide reaction, which is —8-89 kcal. mole! at 30—40 
Given the similarity of the kinetics of this reaction to that of phenol (cf. Experimental 
ection), it is justifiable to ascribe the same activation energy to the rate-determining step 
in the two cases. It follows then that for the anisole-iodine bromide reaction, we have 


8-89 (obs. J 3-44 (true £) -- AH (heat of formn. of anisole-bromine complex) 


2 x 2-86 (heat of dissocn. of 1 Br) » 6 ae ee 
© that AH is — 18-05 kcal. mole, This is less than the value for phenol-bromine complex 


(—27-61 kcal. mole), as it should be since anisole is less reactive than phenol in bromin 
ation; the rate constant for 2% reaction at 30° for phenol is 77-36 and for anisole 
0-90 1.2 mole~* sec.-}. 

lhe authors thank R. Ganesan for some of the preliminary experiments 
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960. The Interaction of Alkylbenzenes with Excess of 
Friedel-Crafts Acetylating Agent. 


’ By G. BAppELEY and Ek. WRENCH 
rhis reaction, in methylene chloride, at 20° gives mainly p-alkylaceto 
phenone After removal of the solvent under reduced pressure, raising 


the temperature of the reaction mixture to about 70° effects further reaction 

including dehydrogenation of the alkyl substituent and acetylation of the 

resulting styrene derivative 
(ARYL KETONES having bulky oo’-substituents, ¢e.g., methyl groups, can be acylated by the 
Friedel-Crafts method; thus mesitylene and durene can be diacylated. Further, aromatic 
compounds such as p-ethylphenol and 5-m-xylenol, which have groups which greatly 
facilitate electrophilic substitution, readily undergo nuclear diacylation.’. A different 
type of acylation of aromatic ketones is exemplified by the action of acetic anhydride 
boron fluoride complex on acetophenone : acetoacetophenone is formed. On the other 
hand, acylation of alkylbenzene at room temperature and in the presence of aluminium 
chloride effects only monoacylation; further reaction occurs only at raised temperatures 
(about 70°) and may involve three or more competitive reactions ; (i) The acylating agent 
may undergo self-condensation; thus an acetylating agent gives acetylacetone and other 
product (ii) The aromatic component may be dealkylated; thus small amounts of 
acetophenone are among the products of the action of excess of acetylating agent on 
p-n-propyl- and p-n-butyl-acetophenone. (iii) The acetylating agent may dehydrogenate 
the alkyl substituent, giving an aldehyde and a styrene derivative which undergoes 
acylation of the ethylenic group; thus the action of excess of acetylating agent on ethyl 
benzene gives 4-p-acetylphenylbut-3-en-2-one 

Ph-CHyCH, | AcCI,AICl, ——® p-CHy-CHyC,H,Ac, AICI, | HC! 


| 
| 


oem 


p-CHyCH-C,H,Ac,AICI, | AICI, + CH,CHO . 
p-CH,:CH-C,H,Ac, AICI, + HCI | CH,-CHO,AICI, 


| AcCl Aici 
y 
p-Cl,Al,ActCH:CH-C,H,Ac, AICI, . HCI 


| 
H,O 


’ 
p-Ac‘CH:CH’C,H,Ac 
n Auwers and Schornstein, Fortschr. Chem. Ph 1924-26, 18, 76 
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Ihe reaction of excess of an acetylating agent with indane and tetralin has been 
reported;* we now describe its reaction with m-ethylacetophenone and a number of 
alkylbenzene 


The products and yields (4.5%) are listed in the Table. Where the yields do not total 
100, non-volatile material was also obtained. The structures of the olefinic diketones 


Exp Keactant Products 

1 PCHyCH, pC AcrC,H, (60%, ) p-CgH,AceCH:CHAc (10%) 

2 PlCHyCH,CH, PCH, AcC,H, (40%, ) p-CgH,Ac’CH:CHMeAc (15%) 

3 PhCHMe, p-C,H,AcCHMe, (70%) p-C,H,ActCMeiCHAc (10%) 

4 PrCHyCH,et pCgH AcrC,H,, (55%) p-C HH, AcCAciCHEt (35%, 

b Vh-CiiMekt pCa AcCHMeEt (30%) pCgH AceCMe‘CMeAc (25% 

6 Ph-CHyCiiMe, pC,H Ac-CH,yCHMe, (50 pg Ac-CAc:CMe, (15° 

7 mC oH AcC HH, mC HAcCH, (60%) m-C,H,AceCHICHAc (30% 

Phi (R =< H, Me, But) — p-CgH,AceR (70%) 

were determined by conventional methods. In experiments 1, 2, 3, 5, and 7 the acetyl! 
phen roup was sufficiently polarisable, even though its acety! group was in combination 


with alumin an chloride, to provide an electromeric release of electrons which enabled 
acetylation .o occur at the terminal carbon atom of the styrene system. Acetylation at 
the carbon atom adjacent to the ring occurred in experiments 4 and 6. 


EXPERIMENTAL 


I lure \ikylbenzene was added to a cooled mixture of aluminium chloride (5 mols.) and 
et hloride (3 mols.) in methylene chloride When the ready reaction providing hydrogen 
chloride and 4-alkylphenyl methyl ketone had subsided the solvent was volatilised under 
reduced pressure and the temperature of the residue was raised until further reaction occurred 
Vhen evolution of hydrogen chloride was essentially complete, the mixture was decomposed 
vith ice and dilute hydrochloric acid, and the organic product was extracted with chloroform, 
dried (K,CQO,), and fractionally distilled under reduced pressure 
(i) /:thylbensene rhis (20 g.), after reaction at 110° for 2 hours, gave 4-ethylacetophenone 


17-5 @.) (semicarbazone m, p, and mixed m., p. 153-154”), and 4-p-acetylphenylbut-3-en-2-one * 
tg.), bo p. 190--210°/15 mm, The latter crystallised from light petroleum in radiating needles, 
m. p, and mixed m. p. 107°, Aga, 2050 A (e 29,500), It gave: (a terephthalic acid, m. p. 210 
dimethyl! ester, m, p, and mixed m. p. 92°), on oxidation with dilute nitric acid (d 1-2) at 180 


) 


b) p-acetylbenzoic acid,* m,. p. 205° (methyl ester,* m. p. 92 t-dinitrophenylhydrazone 
} ’ 


) 


m. p. 278), on oxidation with aqueous permanganate at 0 and ) 4-p-acetylpheny 


butan-2-one, m, p. and mixed m., p. 28°, on catalytic hydrogenation 

ii) n- Propylbenzene rhis (36 g.), similarly treated, gave 4-n-propylacetophenone (20 ¢.) 
54. 88°/0-5 mm. (oxime, m. p, and mixed m., p. 43-44”), and 4-p-acetylphenyl-3-methylbut 
J-en-2-one (8 g.), b. p. 135-—-145°/0-5 mm he latter was purified via its disemicarbazone, 
cedles, m, p. 274-——-275° (decomp.) (from dilute acetic acid) (Found: C, 57-4; H, 6-2; N, 26-6 
CygllyOyN_— requires C, 57-0; H, 63; N, 266%), and separated from lght petroleum in 


radiating needles, m. p. 120°, Ama, 2000 A (e 34,520) (Found: C, 77-0; H, 69. ¢ wl, 
requires ©, 77-2 Hi, 69% It gave terephthalic acid and p-acetylbenzoic acid by 
oxidation with dilute nitric acid and permanganate respectively i-p-Acetylphenyl]-3-methy! 
but-3-« -one was also obtained by the action of excess of acetylating agent on 4-n-propy! 
icetophenone at 90 100 

in) IsoPropylbenzsene rhis (80 g.), after reaction at 60--70° for 2 hr., gave acetophenone 
lg emicarbazone, m, p. and mixed m, p, 202°), 4-1sopropylacetophenone (74 g.), b. p. 120 
125°/12 mm. (oxime, m, p. and mixed m, p, 70°), and 4-p-acelylphenyl-pent-3-en-2-one 10 
b. p. 117 120°/0-02 mm., radiating needles, m. p. 56° (from light petroleum) (Found: C, 77-6 
H, 70. C,,H,,O, requires C, 77-2; H, 69%), Amay. 2860 A (e 13,720 Che bis-2 : 4-dinits 


icone separated from nitrobenzene in dark red needles, m. p. 276° (Found: ©, 53:3 
waddeley, Wrench, and Williamson, /., 19563, 2110, 
Ingle, ier., 1804, 27, 2507 

* Meyer, Annalen, 1883, 219, 264. 
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H, 37; N, 19-5. C,,H,,O,N, requires C, 53-3; I, 39; N, 199% Oxidation of the pent 
enone with permanganate at 0° gave p-diacetylbenzene,* m_ p. 114 (dioxime,® m. p. 248 — 250°) 
oxidation with dilute nitric acid gave terephthalic acid 

iv) n-Butylbenzenc rhis (23 g.), after reaction at 80° for 6 hr., gave 4-n-butylacetophenone 
I7 g b. p. 140-—146°/12 mm. (semicarbazone,* m. p. and mixed m, p. 185°), and a fraction, 
b. p. 145-—-165°/0-5 mm. (13 g.), which gave a solid which crystallised from light petroleum in 
needles, m. p, 152° (Found: C, 77-8; H, 7-0. C,,H,,O, requires C, 77:8; H, 74%), Amex 
2500 and 2900 A (ec 9740 and 9300 respectively), which is probably 3-p-acetylphenylhex-3-en-2 
one, It gave terephthalic acid and p-acetylbenzoic acid when oxidised with dilute nitric acid 
and permanganate respectively. Ozonolysis in a mixture of acetic acid and ethyl acetate at 0 
gave propionaldehyde (2 : 4-dinitrophenylhydrazone, m. p. and mixed m, p, 155°), and alkali 
insoluble material, m. p. 112°, which gave p-acetylbenzoic acid by permanganate oxidation 

(v) sec.-Butylbenzene. This (26 g.), 
phenone (10 g.), b, p. 134—-136°/14 mm. (semicarbazone,’ m. p. and mixed m, p. 190°), and 
4-p-acetylphenyl-3-methylpent-3-en-2-one (10 g.), b. p. 140--150°/0-2 mm., radiating needles, 
m. p. 162° (from light petroleum) (Found; C, 77-6; H, 7:3. CyH yO, requires C, 77-8; 
H, 7-4%), Aenean 2500 and 3000 A (e 21,900 and 15,540 re spectively) [bis-2: 4-dimitrophenylhydrazone, 
m. p. 180° (decomp.) (from nitrobenzene) (Found: C, 540; H, 41; N, 195. CygHy,O,N, 
requires C, 54-2; H, 4:2; N, 19-4%)]. Oxidation of the pentenone with dilute nitric acid and 
permanganate gave terephthalic acid and p-diacetylbenzene respectively 

(vi) isoButylbenzene. This (53 g.), after reaction at 60° for 5 hr., gave 4-1sobutylaceto 
phenone (36 g.), b. p. 86-—90°/0-5 mm. [semicarbazone, m. p. 206" (Found: C, 66-5; H, 82; 
N, 18-1. C,3H,,ON, requires C, 66-7; H, 82; N, 18-0%))}, and a pale-green oil (12 g.), b. p 
120-—135°/0-03 mm., which slowly darkened in the air Ihis oil in ethanol at 0° gave mainly 
3-p-acetylphenyl-4-methylpent-3-en-2-one as a solid which separated from light petroleum in 


pale yellow needles, m. p. 169--160° (Found: C, 77-4; H, 7:5%), Amax, 2500 and 2050 A 
(e 23,740 and 17,520 respectively) [bis-2: 4-dinitrophenylhydrazone, m, p. 190° (decomp.) 
(Found; C, 543; H, 47; N, 19-7%)}. This pentenone gave terephthalic acid on oxidation 
with dilute nitric acid, and p-acetylbenzoic acid and acetone (2: 4-dinitrophenylhydrazone, 
m. p. and mixed m. p. 128°), on oxidation with permanganate 

(vii) m-Ethylacetophenone and excess of acetylating agent. Acety! chloride (32 g.) and 
3-ethylacetophenone (28 g.) were added gradually to a cooled suspension of finely powdered 


after reaction at 70° for 5 hr., gave 4-sec.-butylaceto 


aluminium chloride (84 g.) in methylene chloride (100 c.« The solvent was volatilised under 
reduced pressure and the residue was heated at 80° for 2 hi The mixture was decomposed 
with ice and dilute hydrochloric acid and gave (i) 3-ethylacetophenone (16 g.), b. p. 117-—119°/16 


mm. (2: 4-dinitrophenylhydrazone, m. p. and mixed m. p. 146°), and (ii) 4-m-acetylphenyl 
but-3-en-2-one (20 g.), b. p. 120-——-130°/0-1 mm., needles, m. p. 76° (from light petroleum) 


Found: C, 76-4; H, 6-5. C,,H,,O, requires C, 76-5; H, 65%), Amy, 2450 and 2800 A (e 16,440 
and 16,700 respectively) [bts-2 : 4-dinttrophenylhydrazone, m. pp. 230° (Found: C, 52-5; H, 35; 
N, 20-1. CygHygO,.N, requires C, 52-6; H, 3-7; N, 20-4 Ihe butenone gave isophthalic 


acid (dimethyl ester, m. p and mixed m p. 68°) on oxidation with dilute nitric acid, and 
m-acetylbenzoic acid,* m. p. 174° (Found: C, 65-7; H, 51. Cale. for CJH,O,: C, 65-9; 
H, 49%), on oxidation with permanganate 


We thank Dr. F. Liversedge for the ultraviolet absorption spectra 
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961. Water-soluble Complexes of Niobium (Columbium) and Tantalum, 


) 
Part 1. Complexes with «a-Hydroxy-acids and (2-Hydroxyethyl)- 
CATILLTILEA, 
By Frep FairsroTHer and Joun LB. TAayLor 


The solubility of niobic acid and tantalic acid in the a-hydroxy-acids 


glycolic, lactic, malic, and citric has been studied and solid 1: 1 complexes 
isolated. The complexes are only stable in aqueous solution in the presence 
of excess of a-hydroxy-acid. No dissolution was observed in solutions of 
the dibasic acids malonic, succinic, adipic, or phthalic 

lhe solubility was also studied in the (2-hydroxyethyljamines (‘‘ ethanol 
amines "’) and polynuclear species were isolated 

Pure tantalic acid is much less soluble than pure niobic acid in all these 
complex-forming agents. Even where the solubility ratio is very great, 
however, there is no satisfactory separation by differential solubility of the 
coprecipitated acids 


fue insolubility of the oxides of niobium (columbium) 4 and tantalum * in all common 
icids were among the first properties of these elements to be observed. In the 150 years 
ince their discovery, few water-soluble compounds other than the complex fluoride 
have been reported, and these mostly only in solution. The only ones that have received 
any measure of systematic examination have been the complexes with oxalic and tartaric 
acids, and of the composition and manner of formation of these there still exists some doubt 
so far, no water-soluble cationic species of these elements, simple or complex, has been 
discovered. Russ * in 1902 reported that hydrated niobium oxide was soluble in oxali 
acid and claimed to have pre pared a complex oxalate Nb(H¢ 2Y4)5 by the dissolution of the 
hydrated oxide in an excess of oxalic acid and also, by the reaction of oxalic acid with alkali 
niobate a series of crystalline salts of the empirical formula Nb,f ),,3M!,0,6C,0,,xH,0 
Chis formula would cofrespond to M!,!Nb(C,0,),0),«H,O implying a niobium co-ordin 
ation number of 7 but could equally well be written M4,/Nb(C,0,),(OH),!,(«—1)H,O with a 
more symmetrical co-ordination number of eight 

In an appendix Ru tated that an attempt to prepare the corresponding oxalate 
tantalum salts led to precipitation of the hydroxide, and solutions containing 
Pa,0;,5M,0,10C,0, rhe oxalate complex of tantalic acids was also found to be more 
easily decompo ed by weak base Britton and Robin on 5 carried out conductometri 
and potentiometric titrations of alkali niobate and tantalate solutions with acids chosen 
chiefly for their varying strengths and found that, whilst strong and moderately strong acid 
precipitated the hydroxides readily, oxalic, lactic, tartaric, and malic acids retained thi 
oxides in solution They concluded from their experimental results that lactic acid dos 
not appear to form complex lacto-niobic or -tantalic acids and that complex formation 
as shown by the ability to hold these relatively insoluble oxides in clear solutions, is not 
confined to hydroxy-acids, In this connection oxalic acid was mentioned as a non 
hydroxy-acid “ in which the dissolution is probably of a colloidal nature.’’ We shall show 
later that it is just this property of behaving as a hydroxy-acid which gives to oxalic acid 
its strong complex-forming power, and that the solutions therein of the hydroxides are not 
colloidal 

kdminster and Albritton,® by evaporation of a solution of freshly precipitated niobium 
hydroxide in tartaric acid, claimed to have obtained a_ crystalline compound 
(C,H,O,),NbOH, «.e., with two molecules of tartaric acid associated with each niobium 


atom, to which they ascribed the formula (I), the niobium having its normal co-valency 
of five uch a formula would imply four replaceable hydrogen atom 
Hatchett, Phil. Tran 1so2, 40 
* Lkeberg ensk Vet. Akad, Handil., 1802, 23, 180 
' Ma rac inn Chim. Ph 1866, 8, 5 
¢ | Z. anorg. Chem,., 1902 3], 4” 
iritton and Kobinson, /., 1933, 419 
belt ter and Albritton, /. Amer. Chem. Soc., 1932, §4, 438 
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Srinivasan ? systematically investigated tartratoniobic acid and obtained from a 
solution of niobic acid in tartaric acid, by precipitation with alcohol, a microcrystalline 
precipitate with the composition Nb,O,(C,H,O;),,10H,0, 7.¢., with one tartaric acid molecuk 
associated with each niobium atom, and to which he attributed a heteropoly-acid structure 
(II), although only one hydrogen atom in the molecule was replaceable by an alkali metal 
rhus, a number of alkali salts of a tartaric-niobic acid complex, of the general formula 
M!,O,Nb,0;(C,H,O;),,*H,O, were prepared by the dissolution of the alkali niobate in 
tartaric acid.” Several salts of bivalent cations were also prepared by double decomposition 
of the potassium salt of this complex with the appropriate metal salt.* In all of these, 
only one hydrogen of the above formula was replaced 


CO,H HO,C . 
l O, 
CHOW ZOHC 
Nb | H | Nb (C4H,O,) 2-SH,O 


CHO 4, ~OHC | 


| | | J 
CO.H HOC 


(I) (i) 


Evidence of complex formation in solution between niobium hydroxide and citric, malic, 
lactic, gluconic, and tartronic acids is also given by the polarographic reduction of niobium 
in the presence of these acids.!° ; 

We have now examined the preparation, composition, and reactions of a number of 
water-soluble complexes of niobium, in a variety of «-hydroxy-acids and -amines. From 
the outset it may be stated that the work relates principally to the preparation of 
niobium complexes, since pure tantalic acid is markedly less soluble than pure niobic acid 
in all the complex-forming agents examined, and such complexes of tantalum as are formed 
are more easily decomposed. In this work we shall for brevity retain the names niobi 
or tantalic acid, respectively, for the hydrated oxides, although their acidic nature only 
becomes evident upon fusion with an alkali, 


EXPERIMENTAI 


Niobic and tantalic acids were prepared in batches by fusing 2 g. of the pentoxide 

99-9%, purity) or alternatively in the case of niobium also the metal powder, with 5—10 zg 
of potassium pyrosulphate. The clear melt was cooled and dissolved with stirring in boiling 
25% oxalic acid solution, The solution was filtered to remove insoluble matter, 2--3 g. of 
ammonium chloride were added and then 4N-ammonia solution, dropwise to the boiling solution, 
until precipitation was complete, Further ammonia was added until the pH was about 10 
The heavy white precipitate, which settled rapidly on standing, was centrifuged hot, to avoid 
crystallisation of ammonium oxalate, washed five times on the centrifuge with about 3% 
ammonium chloride solution and then twice with hot distilled water 

Removal of the soluble salts by washing with water alone is, in the case of niobic acid, quite 
impracticable. As the washing proceeds the acid becomes more colloidal, so that centrifuging 
for 2 hr. at a relative centrifugal force value of 3000 may be insuflicient to give a clear super 
natant liquid, This tendency towards peptisation of the acid on washing is characteristic of 
the product of precipitation by the addition of ammonia solution to an acid oxalate solution 
An alternative method of preparation, fusion of the pentoxide with alkali followed by decom 
position of the niobate with mineral acid, gives a product which is much more granular and 
less easily peptised, but which is also less reactive towards complex-forming agents lantalic 
acid, in contrast to niobic acid, showed no tendency to peptisation on washing and gave a 
granular, relatively unreactive precipitate by whichever method it was prepared 

Ihe reactivity of niobic acid towards complex-forming agents also varied greatly with its 


age Freshly precipitated niobic acid prepared as described is the most reactive but the 
rinvasan, Pr Indian Acad. Sci , 1950, 91, 194 
* [dem, thid » 200 
* {dem, ihid $81 


‘” Perrett and Milner, A.E.R.E., C/K 1752, 1955 


194% lairbrother and Taylor » Water-soluble Complexes of 


rapidly falls on standing, even overnight, so that eventually it becomes comparabl 
f niobie acid obtained by acidification of a niobate 
( { lantalic Acid Since tantalic acid showed no obvious tendency towards 
ittempts were made to measure its solubility in water by tracer methods. 231 
odium potassium tantalate containing 0-1007 g. tantalum was neutron irradiated 
thene tube until it had an activity of about 2-5 mc. of Ta After irradiation the 
tents of the tube were dissolved in 200 c.c. of distilled water and the tantalic acid precipitated 
the addition of 10% perchloric acid to the hot solution. To reduce the possibility of adsorp 
tion of the activity on the glass surfaces, all vessels were treated with Silicone resin (Imperial 
( hemical Industries R.230 applied in 1% xylene solution and cured at 150 —200°). 
[he precipitated tantalic acid was well washed on the centrifuge and shaken in a thermostat 
) ith de-ionised water for 15 days. At intervals of 4, 7, 8, 9, 10, 11, and 15 days sample 


1 the suspension were withdrawn and centrifuged and 10 c.c. of the clear liquid evaporated on 


a small planchet by infrared light. The radioactivity was determined in the usual way with 

IC. KHM2 thin mica-window counter [he reproducibility of the assay was carefully 

ind was within -+-4% The results of the solubility '’ measurements, however, 

\ite unreproducible, varying from 10° g. of Ta/100 c.c. to zero, Moreover, the greate: 

trifugal foree and the time of centrifuging, the smaller was the activity left in the liquid 

One must conclude therefore that tantalic acid in pure water is, like niobic acid, also 

id. This conclusion was confirmed by centrifuging a sample of the suspension for a short 

time to remove the larger particles and placing it in a ‘‘ Kalle’’ dialysis tube. After 6 days 

no activity had diffused through the membrane, which readily passed such ions as [(NH,),ClCo}*' 
und [(NH,),Co}? 

In view of the fact that niobic acid passes even more easily into the colloidal state and indeed 
has been shown to be a radio-coiloid © it is very unlikely that any “ solubility ’’ measurements 
in water of niobic acid would have much significance 

Preparation of the Complexes.—-The same general method was used for all the complexe 

cribed, with individual variations noted below. As a preliminary exploration, samples 
of niobic or tantalic acid were refluxed for 24 hr. with a fairly concentrated aqueous solution of 
the carboxylic acid under review, the suspension was cooled and centrifuged, and the clear 
liquid tested for the presence of niobium or tantalum by the tannin reaction In cases where 
reaction occurred an amount of the freshly precipitated niobic or tantalic acid, containing 
about 1 g. of the metal, was refluxed for about 24 hr. with a 2—3°% solution of the carboxyli 
wid ficient to dissolve the whol of the earth acid had reaction been complete. In practice, 
however, rarely more than one-third of the niobic acid, and only traces of pure tantalic acid, 
dissolved Hardly any dissolution occurred in the cold Previous workers have reported that a 
considerable excess of oxalic acid is required to dissolve niobic acid completely. It was found 
that in the case of the weaker complex-forming agents, glycollic and lactic acid, the continuous 
iddition of ammonia 80 as to maintain the pH at 8—9 greatly increased the rate of dissolution 
of niobie acid. This clearly points to the «-hydroxy-acid anion being the effective complex 
forming ayent After removal of undissolved hydroxide by centrifuging, the clear liquid was 
evaporated to a syrup under reduced pressure at 60° and the complex precipitated by the 
addition of an alcohol-ether mixture of a composition that would dissolve any uncombined 
hydroxy-acid In this way the glycollic, lactic, malic, citric, and tartaric «a-hydroxy-acids 
were found to form, with niobie acid, solid water-soluble complexes of definite composition 
The precipitated acids were all non-crystalline and only gave very diffuse X-ray powder diagrams 
[hey were so soluble in water that solubility measurements were impracticable with the amounts 
available, and attempts to crystallise by moistening or leaving in a moist atmosphere led, in the 
case of lactic, citric, and tartaric acids to the formation of straw-coloured hydrated scales which 
appeared crystalline but which in fact proved to be non-crystalline and glass-like 

All the solid a-hydroxy-acid complexes from which the excess of hydroxy-acid had been 

ved by the precipitant hydrolysed slowly on re-dissolution in water, this first becoming 

by a gradual clouding of the solution. It appears that a-hydroxy-acid complexes of 

cid are only stable in the presence of an excess of complex-forming agent, usually at 

least three-fold but often much greater. There is much evidence for this. If a solution of an 

x hydroxy-acid complex be placed in a dialysis tube suspended in running water, some niobic 
icid diffuses through as complex but most remains and is gradually precipitated as the hydroxy 
id is removed a greater fraction of the niobium content can be dialysed away if 


l 


vert and Conn \ leont 1940, 4. No. 6, 2 Schubert and Kichter, ] Colloid Sa . 1950, 
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more complex-forming agent be added, In the same connection it was observed that sodium 
niobate, crystallised from alkaline solution, was hydrolysed with precipitation of niobic acid in 
a dialysis tube Chis is in agreement with Hauser and Lewite's ™ observation that alkali 
niobate solutions can be dialysed through parchment membranes, yielding a stable niobium 
pentoxide sol practically free from alkali. Similarly, transport experiments with all complexes 
showed a net migration of niobic acid (as complex) to the anode with also, in the case of solutions 
containing more than about 1-5 g. of complex in 100 c.c., a precipitation of niobic acid gel at 
the cathode, In all preparations of the complexes, even atter long refluxing the solution contained 
both excess of niobic acid and also free hydroxy-acid the beginning of hydrolysis was not 
ipparent to the eye and could only be followed quantitatively by a light-scattering photometer 
Solutions which were clear to the eye gave a strong Tyndall scattering It is to this sol formation 
that many of the conflicting statements in the literature are due Clear solutions of many of 
the present a-hydroxy-complexes were precipitated on boiling by the addition of a neutral 
g., potassium chloride, 

Reactions Che complexes gave the usual tannin precipitate, were decomposed with precipit 
ation of niobic acid by cold 3n-sulphuric, -hydrochloric, or -nitric acid and 3n-sodium hydroxide, 
and by boiling 3n-acetic acid. Decomposition by hot 3n-sodium hydroxide gave, on cooling, 
crystals of the sparingly soluble sodium niobate. 

Analysis._-The quantitative estimation of either niobium or tantalum in the absence of the 
other is relatively simple and a variety of gravimetric techniques are available, the metal 
usually being weighed as the ignited pentoxide. Niobic acid in the complexes now described 
was estimated partly by ignition of the tannin precipitates and partly by ashing and ignition 
of the compound itself 

Since, however, it was desired to investigate the possibility of using the differences in 
stabilities of the niobium and tantalum complexes as a means of separation, it was also necessary 
to explore the methods of estimating these two metals in the presence of one another, The 
difficulty of this has been commented upon by all who have worked in this field. Methods 
which have been used include fractional precipitation of the tannin complexes,” chromato 
graphy,“ polarography,” X-ray fluorescence,“ and colorimetry.” The chief difficulty of 
precipitation methods, as will be discussed further, lies in the fact that these elements lose 
much of their individuality when present together, and no precipitant yet known will clearly 
precipitate one without the other; at best, fractional precipitation becomes necessary. 

In the present work, in addition to the gravimetric methods mentioned, niobium was 
estimated colorimetrically by the intensity in concentrated hydrochloric acid of the absorption 
peak at 282 mu.” Control estimations by gravimetric methods showed this to be a rapid and 
reliable method and free from serious interference by tantalum, which also appears to form a 
complex with hydrochloric acid, with an absorption peak at 271 mu. The optical density of 
the tantalum complex, however, is only about one-tenth that of the niobium complex in equiv 
alent concentrations. Both complexes are destroyed by dilution with water or by boiling the 
concentrated acid solution 

fantalum and niobium were also determined together by the pyrogallol colorimetric method 
and thence tantalum by difference. 

Perhaps the most direct method of estimating one of these metals when both are present, 
and which in this work proved the lack of separation from a mixed precipitate, was the use of 
radio-niobium and -tantalum, Tantalum-182 was obtained as already described. Niobium-05 
(35 d.) was obtained as a carrier-free separated uranium-fission product in the form of the 
niobic acid-oxalate complex, This was radiochemically purified by dilution with a known 
weight of inactive niobic acid in oxalic acid solution, the oxalate complex destroyed by fuming 
with mixed perchloric and sulphuric acids under an infrared lamp, and the niobic acid re-pre 
cipitated with lithium hydroxide. During this work the previous observation * that niobic acid 

1? Hauser and Lewite, Z. angew. Chem., 1912, 25, 100 

'§ Schoeller and Powell, ‘’ Analytical Chemistry of Tantalun 1 Niobium,’’ Chapman and Hall 
London, 1937 

‘4 Burstall, Swain, Williams, and Wood, /., 1952, 1497 

Elving and Olson, Analyt. Chem., 1956, 28, 338, and ref. 10 

* Campbell and Carl, Analyt. Chem., 1954, 26, 800; 1956, 28, 960; Mortimac, Komans, and Tews, 
ippl. Spectroscopy, 1964, 8, 24 

‘? Geld and Carroll, Analyt. Chem., 1949, 21, 100%; Telep and Holtz, thid., 1952, 24, 163; Vreund 
and Levitt, thid., 1951, 23, 1813; Lauw-Zecha, Lord, and Hume, thid., 1952, 24, 1169. See also refs 
18, 19, and 21 

'* Kanzelmeyer and Freund, Analyt. Chem., 1953, 25, 1807 

* Dinnin, id., p. 1803 
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3 not quantitatively precipitated from its oxalate solution by ammonia was confirmed. Mixtures 


of “*Ta and inactive niobium or of “Nb and inactive tantalum enabled unambiguous 


to be made of the composition of a precipitate 


determination 
The crude product precipitated from a solution 


Complexes of Niobic Acid.—Glycollic acid 
of niobic acid in ammonium glycollate 


by passing the solution through a column of Amberlite-120 (H) in the acid cycle which removed 


contained ammonium ion. This was removed 


oC -—O oCcC—O 
\ 
\ 
Nb(OH), Nb(OH), Nb(OH) 


rs 
Me-CH—O 
(Wty (IV) 


) 


the ammonium ion without decomposing the complex. The resulting solution, after concen 


60° under reduced pressure gave a heavy white precipitate of the 1: 1 glycollic 
niobic acid complex (111). This was washed with ether and dried in a vacuum (Found: C, 11-0; 
Nb, 41-2%; C: Nb, 206: 1. C,H,O,Nb requires C, 11-0; Nb, 42-7% ; C: Nb, 2: 1). 
Thioglycollic acid, Sulphur-containing chelate rings are usually very stable, and thio- 
glycollic acid forms stable chelates with several transition elements. This reagent or its 
ammonium salt, however, failed to dissolve niobic acid appreciably under conditions where the 
This is additional evidence of the importance of the 


tration at 50 


hydroxy-acid readily formed a complex 
hydroxyl group in the formation of the present series of complexes 

Lactic acid, Prepared and purified as described for glycollic acid, the complex (LV) in aqueous 
olution readily passed through a dialysis membrane [Found: C, 15-5; Nb, 409%; C:N, 
2-04:1; M (cryoscopic, mean), 240, C,H,O,Nb requires C, 15-6; Nb, 403%; C:N, 2:1; 


M, 232 
Malic acid Niobic acid was warmed to about 95° with a large excess of a solution of rac 
rom the clear solution ether 


malic acid, In a few hours it almost completely dissolved 
C, 17-5 


alcohol precipitated a complex (V) of similar reactions to those described (Found ; 


Nb, 31:4%; C: Nb, 426:1. C,H,O,Nb requires C, 17-5; Nb, 33-83%; C: Nb,4:1). It may 
noted that the substance precipitated was a 1:1 complex although a large excess of 
The complex was acid in reaction as would be expected from the 


te 
hydroxy-acid was present 
presence of an uncomplexed carboxyl group. 

Oxalic acid. Russ * prepared the oxalate complex by dissolving niobic acid in a large excess 
acid from which he separated it by fractional crystallisation and obtained an 
We refluxed an excess of niobic acid in 1-2 g. of oxalic acid 
as Nb(OH),] were 0-48 g., 


of oxali 
oxalate : niobium ratio of 5 to 1 
70 c.c. of water for 20 hr. The amounts of niobic acid dissolved 
0-39 g., and 0-56 g. in three experiments with different samples, the variation being due to 
differences in reactivity of the samples. Careful evaporation of one of these solutions over 
phosphoric oxide at room temperature gave a white amorphous powder with an oxalate : niobium 
of 28:1 which is probably the parent acid of Russ’s salts. It is unstable and on 


und 


ratio 
lissolution in water gradually precipitates niobic acid 
The oxalate complexes diffuse through a dialysis membrane 


not collodial in character, but become so if the complex is decomposed by dilute acid or alkali, 
a considerable time may 


re-« 
Ihe solutions therefore are 


even though, as may happen in the cold and at low ionic strengths 


clapse before visible flocculation occurs 
(HO,C:CH,),C—O oc-——9O 
Nb(OH), 


4 


HO,C CH(OH):-CH— C (VIN) 


Nb(OH), 
(Vil) OC ~—O 


Oxalhe acid is exceptional among the acids now discussed other ways In the 
however, a fairly strong acid 


first place it is not obviously an a-hydroxy acid, It is, 
an appreciable amount of the 


k\™ 6-5 « 10%) so that in acid solution there is always 
inion HC,O,~ present which can be regarded as an a-hydroxy-anion (V1 
is the other a-hydroxy-anion groups 
wid Che white complex (VII) was precipitated by alcohol-ether (Found: C, 20-3; 
C: Nb, 58:1; M (cryoscopic in water), 337. C,H,O,.Nb requires C, 21-2; Nb, 


which almost certain] 


1956) Niobium (Columbium) and Tantalum. Part 1 4951 


27-4%; C: Nb, 6:1; M, 340). It is almost certain that only the central carboxyl group is 
involved in complex formation since inclusion of either of the terminal groups would require 
the formation of a 6-membered ring which the present work has shown to be unstable 

[ransport experiments showed a migration of the niobium to the anode 

In view of the two uncomplexed carboxy! groups, it was thought that it should be possible 
to prepare salts of this complex by direct neutralisation rhis aspect of the problem has not 
been fully explored. Hot sodium hydroxide solution decomposes the complex, depositing 
crystals of the sparingly soluble sodium niobate on cooling 

Tartaric acid. The complex formed between niobic acid and tartaric 
The composition has been described both asa 1: 1 and 1: 2 complex 


acid has already 


received much attention. 
We prepared the complex (VIII) by the general methods described above, and isolated it by 
precipitation with alcohol (Found: C, 13-9; Nb, 31-5%; ¢ Nb, 3-5: 1 Calc. for ¢ H,f Nb 


C, 16-4; Nb, 31:8%; C: Nb, 4: 1). 


DISCUSSION 


In contrast to the foregoing results, no dissolution of niobie acid was found to occur 
with the dibasic acids malonic, succinic, adipic, or phthalic, or with potassium hydrogen 
phthalate, and of the acid ammonium salts only in the case of malonic acid and that to a 
barely detectable extent. Similarly the amounts dissolved by sodium $-hydroxybutyrate 
or thenoyltrifluoroacetone in benzene, water, or alcohol solution or by acetylacetone in 
alcohol or water were so small as to leave some uncertainty as to whether they were in true 
olution 

rhe results leave no doubt that the present series of «-hydroxy-acid niobium complexes 
are formed by the co-ordination of the acid anion to the niobium and the completion of a 
five-membered ring by elimination of water. 

Since the niobic acid as such is invariably present as a hydrated suspension or a colloid, 
whether as a starting material or as the product of decomposition, it is more profitable to 
regard the formation of these complexes as heterogeneous reactions. Throughout, we have 
found that rate processes and the history or mode of preparation of the earth acid are of 
more significance than ionic equilibria involving complex niobium species. The effect of 
rapid ageing on the reactivity of the precipitated niobic acid has already been noted. Many 
of the conflicting statements in the literature regarding non-precipitation by various 
reagents can be attributed to hysteresis. Attempts were made to accelerate the attainment 
of a steady state (“ equilibrium ” would be incorrect since this would imply the possibility 
of approach from either side) by ultrasonic radiation at a frequency of | megacycle/se« 
and a power of 250 w. The results were disappointing. The solutions became heated but 
the rate of reaction was no greater than that produced by boiling 

rhe coagulation, precipitation, or dissolution of niobic or tantalic acids appears to take 
place through a reversible condensation of neighbouring hydroxyl groups, whether of 
adjacent earth acid units or of earth acid and a complex-forming agent. For the latter, 
either two hydroxyl groups, or one hydroxy-group and a carboxylic anion, in the 
a-position are necessary to make possible the formation of a 5-membered chelate ring 
Ikxamples of the condensation involving two hydroxyl groups are given by the catechol 
complexes.*° 

rhe actual process of dissolution can be visualised as the attachment of a molecule of 
complex-forming agent in this way to one of the peripheral hydrated niobium atoms of a 
particle or colloid micelle, with the subsequent breaking of the metal-oxygen bonds which 
hold it to the rest of the particle. The lower solubility of tantalic acid must be attributed 
to the greater stability of the Ta~O-Ta bonds relative to the stability of the complexes. 

Experience with malonic and $-hydroxybutyric acids indicates that six-membered 
rings, though not impossible, are much less stable. This is not surprising, for the average 
bond angle in a five-membered ring is 108° compared with 120° in a six-membered ring. 
since the Nb-O bonds are probably largely covalent the smaller ring would involve much 


le train 
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It appears, however, that six-membered rings can be formed in solution with strong 
inorganic polyhydroxy-acids. Niobic acid is also appreciably soluble in chromic and ortho 
and poly-phosphoric acids, all of which form oxygen-bridged condensed acids with hydroxy! 
groups in the required position, and also, as is well known, in concentrated sulphuric acid. 
The last, in conjunction with alkali pyrosulphate fusion, has long been the principal reagent 
for the dissolution of niobic or tantalic oxides. Freshly precipitated and centrifuged, but 
still moist, niobie or tantalic acid will dissolve slowly in 10°, oleum from which, as from the 
product of pyrosulphate fusion, it is precipitated on dilution with water and boiling 
Ihe dissolution probably occurs through chelation with the disulphuric (pyrosulphuric) 
anion, which is decomposed by water. The hysteresis in the precipitation of niobic acid 
from sulphuric acid solution is most marked. The solution can be diluted to about half- 
molar strength in the cold and only begins to become cloudy after 1—2 hr. On the other 
hand it is rapidly precipitated on boiling from a 5m-solution. Selenic acid is particularly 
interesting for comparison. Niobic acid dissolves rapidly to give a clear solution in 15m 
selenic acid but is precipitated in the cold on dilution to about 7m, at which concentration 
it is not precipitated from sulphuric acid even on boiling. 

It should be pointed out that although in the present series of «-hydroxy-acid complexes 
the molecular ratio of niobic to a-hydroxy-acid was, with the exception of oxalic acid, always 
1:1, this does not entirely exclude the formation of complexes containing additional 
molecules of a-hydroxy-acid which might be removed by the alcohol or ether used as 
precipitant 

Following the foregoing results with a-hydroxy-acids and the observation-—-which will 
form the subject of a later communication—that niobic acid and, to a less extent tantali 
acid, form water-soluble complexes with a variety of nitrogen bases, we also studied the 
complex-forming action of the (2-hydroxyethyl)amines (“ ethanolamines ’’), since these 
contain both a hydroxyl group and a basic nitrogen atom in such a position that the 
formation of a five-membered chelate ring seemed possible (cf. 1X). 


\7 
CH,--N CH,——- 0. OH _O OH NH,——CH, 
Nb(OH), av Nb 
» ee: Te” 


CH,——NH, OH ‘O”% OH ‘O——CH, 


The only previous indication of the formation with niobium of a chelate ring of this type 
is that implied in the formation of a water-insoluble complex with 8-hydroxyquinoline.*! 


(2-Hydroxyethyljamines used were commercial products and were fractionated under 
reduced pressure at least three times; they had b. p.: (2-hydroxyethyljamine, 100°/53 mm. ; 
di-(2-hydroxyethylamine, 160°/18 mm.; tri-(2-hydroxyethyl)amine, 210-—-212°/16 mm. 

Complex formation was followed in the same way as for the «-hydroxy-acids. The three 
hydroxyethylamines showed a considerable difference both in rate and amount of dissolution, 
those in (2-hydroxyethylj)amine being the greatest and in tri-(2-hydroxyethyl)amine the least 
lor example, excess of freshly precipitated niobic acid, from the same preparation, was refluxed 
for 20 hr. under the same conditions with 70 c.c. of 0-0095M-solutions of each of the amines 
[his concentration was the same as used in the a-hydroxy-acid experiments and corresponds 
to a concentration of 2 g. of citric acid in 70 c.c. of water, which was found to be a convenient 

tandard for comparison, 

\fter removal of excess of solid by centrifuging, solid complexes were isolated by vacuum 
evaporation below 50° followed by alcohol-ether precipitation, or the “‘ solubility ’’ measured 
by evaporation to dryness and ignition. The amounts dissolved (g. per 100 c.c. of 0-0095m 
amine) were as follows, the first figure in parentheses referring to Nb,O,, and the second to 
ra,O, (2-Hydroxyethyl)amine (0-148, 0-016); di-(2-hydroxyethyl)amine (0-104, 0-003) ; 
tri-(2-hydroxyethyljamine (0-045, 0-004) Reaction is much the most extensive with the 
first amine. The weight of tantalic acid dissolved was in each case very much less than that 
of the niobic acid 


' Kasner, Garcia-Porrata, and Grove, Analyt, Chem., 1955, 27, 492. 
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[he complexes were white powders, soluble in water except in the case of tri-(2-hydroxy 
ethyljamine where rapid hydrolysis gave an immediate cloudy solution; 3N-mineral acids and 
3n-acetic acid precipitated niobic acid : 2N-ammonia solution had noeflect. Sodium hydroxide 
gave the niobate as with the a-hydroxy-acid complexes 

Analysis and molecular weight determination pointed to no simple formula but rather to 


polynuclear species 
Found Required : 


Amine Formula (%) Nb(%) M C(%) Nb(%) M 
2-Hydroxyethylamine  .., (HO-CsHyNH,),{Nb(OH),), 10-8 45-9 430 11: 45:8 406 
Di(-2-hydroxyethyljamine [(HO-( wH,)NH),{Nbi YH),), 11-2 47-6 880 12-2 47-7 706 
lri-(2-hydroxyethyljamine [(HO-C,H,),N),{/Nb(OH),), 140 45-0 13-9 44-9 1059 


lhe formation of these complexes from niobic acid probably takes place in the same way 
as with « hydroxy-acids, by the attachment of the ligand to the periphery of the hydrated 
particle followed by detachment of the complex from the parent micelle, In the case of the 
hydroxyethylamines the fragments detached appear to be larger than in the case of the 
hydroxy-acids. One possible structure for the mono-(2-hydroxyethyl)amine complex is 
(X) with similar structures for the di- and the tri-(2-hydroxyethyl)amine complex, containing 
respectively four and fivé niobium atoms bridged by oxygen atoms. 

In all the foregoing experiments, the most outstanding feature was the much smaller 
solubility in solutions of all the complex-forming agents of freshly precipitated tantalic 
acid, than of niobic acid; even greater difference was found for dissolution by amines. In 
a solution of dicthylamine almost 1000 times more niocbic acid than tantalic acid was dis 
solved under the same conditions. In the hydroxyethylamines the ratio was only about 
10 to 30 times and in citric acid about 50 times. 

In view of these wide differences it was hoped that a satisfactory method of separation 
of the metals might be devised, based on their differential solubility, which would avoid the 
use of the hydrofluoric acid associated with the only successful commercial separations 
devised in 100 years. No satisfactory separation of the co-precipitated acids, however, 
has yet been achieved, owing to the fact that each of these two elements appears to lose its 
identity when intimately mixed with the other. This fact has been commented upon from 
various angles by several workers. In the present work niobic oxide and tantalic oxide in 
about equal proportions were (a) fused separately with pyrosulphate, dissolved in oxalic 
acid precipitated as the hydroxides washed and then mixed; (6) fused with pyrosulphate 
and dissolved in oxalic acid separately, but the hydroxides simultaneously precipitated 
from the mixed oxalic acid solutions; (c) mixed before fusion, etc. The products of (a), 
(b), and (c) were then treated in the same way with solutions of complex-forming agents. 
In (a) the niobic and tantalic acids behaved quite independently and very little tantalic 
acid passed into solution. In (5) and (c) no separation was achieved and far more tantalic 
acid passed into the aqueous phase that would have done so under the same experimental 
conditions but in the absence of niobic acid. 

Many experiments were carried out along these lines but four will suffice to illustrate 
thi point 


(a) Approximately equal weights of niobium pentoxide and tantalum pentoxide were 
converted into the hydroxides, mixed, and refluxed with a 5% solution of diethylamine in water 
for } hi rhe ratio Nb: Ta in the aqueous phase was 200 to 1. (b) A similar experiment but 
the oxides were first fused together : The ratio Nb: Ta in aqueous phase was 6-7 tol. (c) With 
2 g. citric acid in 70 c.c, water and a reflux time of 22 hr. the niobium extracted from separately 
precipitated mixed hydroxides contained less than 2%, of tantalum, in close agreement with 
individual experiments on the separated oxides. (d) When the hydroxides were co-precipitated 
the niobium contained 16% of tantalum, whilst on doubling the citric acid concentration the 
tantalum content rose to 25%. ‘This enhanced solubility of tantalic acid in the presence of 
niobic acid could be due to either or both of two cause (i) a separation of the tantalum 
atoms and breaking of the strong Ta~O~la bonds in the mixed micelle (since it is neither solid 
nor crystalline, “ solid solution ’’ or “' mixed crystal’ seems inappropriate) in a somewhat 
similar manner to the increased speed of dissolution of some metals when alloyed, or (ii) the 
formation of polynuclear species in the aqueous phase 
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We are of the opinion that the latter is probably the major cause of the observed effect 
That it is not simply due to a greater slowness of dissolution of tantalic acid with the 
formation of a complex of comparable stability to that of niobium is shown by the fact that 
the reverse process, that of hydrolysis, takes place more readily with tantalum. 

In the case of the present a-hydroxy-acid complexes, although freezing-point deter- 
minations gave values approximately those of the monomeric species, the precision was 
not sufficient to exclude polynuclear units. Moreover, although the solutions were clear, 
some hydrolysis undoubtedly occurred. 

In the case of the hydroxyethylamines the evidence was much clearer that the oxides 
passed into the aqueous phase as polynuclear units. In such a unit the tantalic acid 
molecules can be condensed with niobic acid molecules as in the mixed micelle. 

It follows therefore that it is unlikely that a successful separation process can be devised 
which does not involve the metals as single atoms unconnected through oxygen bonds or 
other bridges. The success of the separation processes involving the complex fluorides 
may be attributed to the monomeric character of these complexes. 


We are indebted to the Department of Scientific and Industrial Research for a maintenanc 
grant to one of us (J i | 


MANCHESTER UNIVERSITY Received, July 24th, 1956 


962. Search for Spectral Evidence of Expansion of the Valency 
Shell of Sulphur in Aromatic Sulphides. 


By A. Manoini and R. Passerini. 


rhe possibility of spectral changes through the occurrence of a type of 
conjugation in which sulphur is the electron acceptor in systems p-X°C HySKk, 
here X O~, OH, NH,, or NMe,, has been examined. For this purpose 
the near-ultraviolet absorption spectra of some 30 aromatic sulphides or (for 
comparison) ethers have been traced, often in more than one solvent, and, in 
ome cases in which acid or basic groups were present, at more than one pH 
It is concluded that none of the observed spectral effects can be assigned with 
certainty to conjugation of the type considered, ‘These results, together with 
parallel work on the dipole moments of aromatic sulphides, indicate that this 
jorm of conjugation, if operating, is not important in these systems. 


Wer have for some time been studying the spectral evidence of sulphur conjugation in 
aromatic sulphides. There are two basic types of possible conjugation. The best 
understood (1) involves inclusion of sulphur 3f electrons in an aryl = shell: evidence 
concerning it comes from the study of chemical equilibium,! dipole moments,’ and spectra.* 
lhe other type (II) depends on incorporation of aryl ~ electrons into 3d sulphur orbitals, 
and we began our spectral study of this possible effect by considering its expected 
consequence that a combination of processes (1) and (II) in a diary! sulphide should, as 
shown in (III), lead to conjugation between one aromatic ring and the other. The main 


R Ma, kms R ko Deae’ 
I 


(1 IIl) 


result of this study was to show that process (III) is spectrally unimportant in 
tructures such as (IV), which should provide for it a maximum of opportunity: for a 
variety of substituents, R, with and without unshared electrons, in the para-position in (V), 
and for purposes of control, in the meta-position, and also in the homologous structure (V1), 


Laker, Barrett, and Tweed, /., 1952, 2831 

Chierici, Lumbroso, and Passerini, Hull, Soc. chim., 1955, 686 

Mangini and Vasserini, /., 1962, 1168; Leandri et al., Gazzetia, 1954, 84, 3, 73; Mangini ef a/ 
p. 4 
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did not affect the long-wave band assigned to the chromophore S-CgHNO,, except for 
small modifications attributable to the inductive effect 
p-Me,N-C,H,°S:°C,H,NO,-p R-C,Hy'S°C,H,-NO,-p R°C,HyS:‘CHy:C,HyNO,-p 
IV) (V) V1) 

Although this was clearly a negative result as regards through-conjugation of the form 
(III), one could not accept it as excluding the component process (II) in general, because 
steric twisting in diary] sulphides might have broken an otherwise effective conjugation, 
We therefore sought spectral evidence of the octet-enlarging aryl-sulphur conjugation (IT) 
in a more direct way, and, in part, in simpler systems 

The main numerical results (wavelengths and extinction coefficients of band maxima) 
are in Tables 1—3, and a few of the more significant spectra are illustrated in Figs. 1—3. 
rhe following is a summary of the main conclusions. 

Starting with methyl phenyl sulphide, benzyl phenyl sulphide, or diphenyl sulphide, a 
bathochromic shift of a few my and intensification of the band near 250 my is the general 
result of introducing the substituents O~ or NH, into the fara-position of the S-phenyl 
group. The red shifts produced by the dimethylamino-group are considerably larget 
(about 23 my) than by the other groups, and therefore the spectral effect of this substituent 
in other positions, and in other parent compounds, has been studied with some care. It 
may be noted first that the red shift largely disappears when the dimethylamino-group is 
introduced into the meta-position in methyl phenyl! sulphide or diphenyl sulphide, where 
the formal conjugation between nitrogen and sulphur is removed, and also when the 
dimethylamino-group is introduced into the para-position in methyl phenyl ether and 
diphenyl ether, where octet expansion is impossible 

These results alone might have suggested that a spectral effect of the conjugative 
process (II) was under observation in the p-dimethylaminophenyl] sulphides : but, because 
of the somewhat small magnitude of the effect, and our inability always to interpret small 
differences in the spectra of such complex molecules, more extensive control experiments 
seemed necessary. A series of such controls is included in the record. ‘Two illustrations 
of their general effect may first be given. These are that a dimethylamino-group, if 
introduced into the para-position of dimethylaniline, or into the para-position of the benzyl 
group of benzyl phenyl sulphide, induces red-shifts of at least half as much as those found 
in p-dimethylaminopheny] sulphides. 

In more detail, the following results show how the long-wave band of dimethylaniline, 
Amux, 250 my, log ¢ 4:15, is affected by a series of sulphur-containing para-substituents 
rhe figures represent the bathochromic shift A) in my, and (in parentheses) the intensity 
log e of the shifted band : 

S-CH, S-C,H, $-C,HyNO,-p S$-CHyC,HyNO,-p 
22 (4-31) 24 (439) 25 (4-41) +22 (4-48) 
CH,S-CH, CH,'S:C,H, CHyS:CyHy NOyp 
+ 12 (427) ‘14 (4:39) | 16 (4-24) 
We see that the excess of the shift when nitrogen-sulphur conjugation of type (II) is 
formally permitted, over the shift obtaining when it is excluded, is only of the order of 
magnitude of the latter shift and is therefore not large enough to allow us to conclude that 
aryl-sulphur conjugation involving octet expansion produces the spectral consequences 
which have been observed. 

Moreover, the original bands at 255 my in f-aminodiphenyl sulphide and 274 my in 
p-dimethylaminodiphenyl sulphide are only very little enhanced by fara-substitution 
with NX,, OR, and O~ (see Table 3). 

rhese results confirm our former provisional conclusion.* Sanesi and Leandri recently 
found no evidence of conjugation of type II in their dipole-moment measurements on 
aromatic sulphides.* It would appear therefore that this form of sulphur conjugation 1s 
unimportant in aryl sulphides. 

* Mangini and Passerini, loc. cit., ref. 3; |. Phys. Radium, 1954, 15, 625; Gazzetta, 1054, 84, 606; 


Lxperientia, 1956, 12, 49 
® Sanesi and Leandri, Boll. Sct. Fac. chim. ind. (Bologna), 1955, 18, 56; Ann. Chim. appl, 1965, 
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JOO 250 joo 250 


Wavelength (my) 


VheS-CH, in hexane D, Ph°S:Ph in hexane G, p-OrC HyS’CH, 
i, p- HNC Hy S’CH, in hexane. EF, p-H,N°C,H,S-Ph in hexane H, p-OrC HyS’Ph 
C, p- (CH) NCH y SCH, in F, p{CHy) NC gHyS'Ph in 


clohexane hexane 


hic. 2 
T 


Etc Cc 


FidD 


4 i | 
JSO JOO 250 3JSO JOO 250 
Wavelength (my, 
: aN“ ally Sx H, in cyclohexane 5 \ *¢ eli yy N(C H, q Ne yclohexane 
eC yg S'Ph in cyclohexane , prl eN’°C.HyCH,Ph in cyclohexane 
aN’CgH yg N(CH,), in cyclohexane 
p-Ph-S’CHyC,HyN(CH,), in cyclohexane 


400 350 300 250 
Wavelength (my 
A, p- (CH) NCH y'S*Ph in cyclohexane 
B, p-NOyC Hyg S'C,HyN(CH,),-p in hexane 
u,p NO, oft yS* H,*¢ sly N (6 1, af me yclohe xane 
D, p-NOyC Hy CHy SCH,’ N (CH,),-p in cyclohe xane 
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EXPERIMENTAI 


Spectra were determined with a Hilger Uvispek photoelectric spectrophotometer rhe 
concentrations used were 10m. The compounds were measured in cyclohexane (or in n-hexane, 
as indicated in the Tables) in order to reduce the solvent effect Che results are reported in 
lables 1—3, where the wavelengths of maxima and minima are given as my, and extinction 
values as log € : minima are indicated in parentheses 

References are given in the Tables to the methods used in the preparation of the compounds, 
and also references to spectra already recorded by other authors and in other solvents. The 
absorption curves are reproduced in Figs. 1—3 

The following descriptions relate to the preparation of new compounds or of known compounds 
by modified methods. 

m-Dimethylaminodiphenyl sulphide was prepared as follows. m-Aminodiphenyl! sulphide ¢ 
(10 g.) was suspended in water (100 c.c.), and sodium hydrogen carbonate (13 g.) and then 
dimethyl sulphate (16 g.) were added with constant stirring. The mixture was kept at 30° until 
evolution of carbon dioxide had ceased, and then at 50-—60° for 30-—60 min. On cooling, an 
oil separated (together with a small amount of a crystalline product which was neglected) and 
was extracted with ether. Distillation of the dried ether extract afforded an oil, b. p. 180 
181°/5 mm. (Found: N, 6-1. C,,H,,NS requires N, 6-1° 

m-Dimethylamino(thioanisole) was obtained in better yield and more easily by methylation 
of m-amino(thioanisole) as above than by distillation of the quaternary iodide. The product 
had b. p. 165—-166°/16mm. p-Methoxydimethylaniline, obtained by methylation of p-anisidine 
as indicated above, crystallised from water in plates, m. p. 48° (in agreement with Griess,* who 
obtained it by distillation of thequaternary iodide). NN-Dimethyl-p-phenoxyaniline was prepared 
similarly from p-aminodiphenyl ether, as an oil, b. p. 193°/16 mm. (Found: N, 67, C,,H,,ON 
requires N, 6-6%) 

p-Dimethylaminobenzyl phenyl ether. A solution of p-dimethylaminobenzyl alcohol (5 g.) in 
concentrated hydrochloric acid (25 c.c.) was heated for 2 hr. in a sealed tube * at 100°, and to 
the cooled reaction mixture, which contained p-dimethylaminobenzyl chloride, was added 
aqueous-ethanolic sodium phenoxide (2-5 g. of phenol in 50 c.c. of ethyl alcohol and 60 c.c, of 
aqueous 20% NaOH). The mixture was refluxed for 15 min.; after cooling, a white product 
was separated. Crystallization from ligroin gave the ether as needles, m. p, 119-—120° (Found 
N, 6-2. C,,H,,ON requires N, 6-2%). 

p-Dimethylaminobenzyl methyl sulphide was prepared as was the preceding ether, except that 
the p-dimethylaminobenzyl chloride was condensed with sodium thiomethoxide in a sealed tube 
Extraction of the solution with ether yielded an oil, which on distillation had b, p, 123°/6 mm 
(Found: N, 7-9. Cy, ,H,,NS requires N, 7-7%). p-Dimethylaminobenzyl phenyl sulphide was 
prepared similarly from #-dimethylaminobenzyl chloride and sodium thiophenoxide. It 
separated in plates, m. p. 106—107°, from ethanol (Found: N, 5-9. Cy,H,,NS requires N, 
5-75%,). p-Dimethylaminobenzyl p-nitrophenyl sulphide, prepared from p-dimethylamino 
benzy! chloride and sodium p-nitrothiophenoxide, crystallized from isopropyl] alcohol in orange 
yellow plates, m. p. 136—137° (Found: N, 9-7. C,,H,,O,N,5 requires N, 97%). p-Dimethyl 
aminophenyl p-nitrobenzyl sulphide was prepared from a solution of dimethylaminothiophenol 
(10 g.) in aqueous sodium hydroxide (3 g. in 30 c.c.) and an ethanolic solution (150 c.c.) of 
p-nitrobenzyl bromide (15g.). After the mixture had been refluxed for 15 min. a red crystalline 
product separated on cooling, and crystallized from ligroin in prisms, m, p, 102—-103° (Found 
N, 9-72. C,,H,,O,N,5 requires N, 9-79%) 

rhis work has benefited from a financial contribution from the Italian ‘‘ Consiglio Nazionale 
Ricerche.’’ The authors are indebted to Prof. C. K. Ingold, F.R.S., for helpful discussion 
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* Griess, thid., 1880, 18, 249 
* As described by Barun and Kruber, Ber., 1912, 45, 2992 
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963 Energy Levels and Absorption of Some Monosubstituted 
Benzene Derivatives. 


3y A. Mancini and C, Zautt 


In order to obtain further information on the most important electronic 
tructures which contribute to the molecular state in photochemical excit 
ation, the energy levels of molecules such as Phe X+K (X Oo; 6: & Me) 
have been calculated by the valence-bond (V.B.) method 

The present theoretical results are perfectly consistent with the previous 
empirical assignment of the bands in thioanisole and diphenyl sulphide : 
absorption in the 250 my region is essentially due to a modified transition of 
the B,, type, while that in the 275—280 my region arises from a transition 
due to the conjugative interaction of the 3px electrons of sulphur with the 

psect) Eee 
phenyl ring (C,H,-S-chromophore), 
Son 


The second phenyl group in diphenyl sulphide is practically ineffective in 
changing the absorption 

In the analogous oxygenated compounds, anisole and dipheny] ether, the 
conjugative interaction of O-phenyl is significantly weaker than that of 
S-phenyl : the absorption bands in the 220 and the 260--280 my region being 
of B,, and B,, type. Our calculations confirm that in the photo-ex« ited 
state the mesomeric effect of sulphur is greater than that of oxygen. 


[ue absorption curves of thioanisole, diphenyl sulphide, anisole, and diphenyl ether in 
n-hexane solution (in ethanol there are negligible modifications) are characterized, in the 
near ultraviolet region, by two bands as shown below (4 max. in my, I inflection point, 
f.s fine structure; the type of each band is also indicated) 
A max A max log € 
2RO ~ 300 (1 
(m,° chromophore) 
dan , 


Diphenyl sulphide .. , : 2! 277 3°76 
* chromophore) 
Anisole davetudevites : 3-¢ 265-— 3 ~3-20 (f.8 


Thioanisole 


Diphenyl ether ~~ 3°20 


* Dunn and Ingold, Nature, 1955, 176, 65 


Mangini and Passerini,’ investigating the spectroscopic modifications in the near ultra 
violet region shown by some alkyl phenyl and diphenyl! sulphides, suggested on empirical 
grounds that such bands arise essentially from the excitation of the six electronsina benzenoid 
chromophore, Ph-, conventionally labelled x® (obviously modified by ‘SMe or *SPh acting 
as side-chain), and from the eight electrons in a chromophore Ph°5 , arising from interaction 


(*r) 
of the unshared pair of 3p sulphur electrons with the m-shell of the phenyl ring. Such a 


classification differs from both that of Platt * and that of Robertson and Matsen:*4 in 
the analogous oxygenated systems, anisole and diphenyl! ether, the situation is sub 
stantially different, and in the longer-wavelength absorption region the sequence of 
transitions is reversed. This could indicate that in the photoexcited state the mesomeri 
effect of sulphur is larger than that of oxygen, contrary to what occurs in the ground stati 
or transition state. In previous work, Mangini and Passerini attempted to interpret 
although qualitatively——the phenomenon.® 

The purpose of the present investigation is to study the electronic state of the molecules 


4 


Mangini and Passerini, /., 1952, 1168 

Platt, / Chem Phys, 1951, 19, 101 

Robertson and Matsen, /. Amer Chem. Soc., 1950, 72 5243, 5248 
* Ingold, “ Structure and Mechanism in Organic Chemistry,’ Bell 

Hhaker Jarrett, and Tweed, J , 1962, 2831 

Mangini and Passerini, Gazeetta, 1954, 84, 606 
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Ph-X-R (I), where X = OorS; R = alkyl or phenyl, in order to acquire further inform- 
ation, less empirical, on the most important valence-bond structures which take part in the 
molecular state during the photochemical excitation 

The valence-bond method has been followed, avoiding semi-empirical parameters, but 
where possible developing the necessary formule rigorously 

Molecules PheX-R (R = alkyl).—We can assume that, in this case, the influence of R 
on the electronic states is of lower order, or at least has an almost constant weight on the first 
few energy levels: this simplifies the problem to discussion of a molecule of type CgHs-X- 
having Cg, symmetry. For such molecules we have considered resonance as occurring 
between the 8 limiting structures (II). If we call I’, the reducible representation of the Cg, 
group coming from the above 8 structures, it can be shown that I’) = 5A, + 3B,. 


:XxR XR 


D, D; 
Wave functions of types A, and B,, respectively, will be of the forms 
Va, = ¢(K, + Ky) + ¢,D, + ¢,(D, + Dg) + e4( + P,) + ¢,P, 


Ys, = d,(K, — Kg) + 4,(D, — D,) + 4,(P, — Py) 


where the c’s and d’s are certain coefficients 
From our previous calculations of the energies concerned with structures P, and 
(D, — D,) these can be left aside in the mesomeric system (II) because their energy is too 
high to exert any effective influence in the first excited levels; analogously, it can be shown 
that structures D, and (D, +- D,) differ only very slightly. Functions (1) and (2) can now 
be written 
Wa, = ((K, + K,) + ¢,(D, + D, + Dy) + ¢,(P, + P,) 74 ee 
Vs, = 4,(K, — K,) +4,(P;—P,) . gle yet ees 


Each structure in equations (3) and (4) has been expressed by a combination of deter 
minantal basic functions (1), with eigenvalues S, = 0: 7 


Neila 
ap.... Ba 


where a, b, c, d, e, f represent the atomic eigenfunctions of carbon atoms in the benzene 

x ring (III), x that of the hetero-atom, 4 x, b, or f, depending on the par 

(HH) ticular structure considered, and « and § are the spin-functions. Sub 

» stituting such linear combinations in the matrix elements of the secular 

equations derived from (3) and (4) and making use of symmetry, one 

can obtain all Hy and Sy; these can be written as sums of integrals between 
d the basic functions. 

According to the rigorous valence-bond method, the latter have to be de veloped as a 
function of the exchange intergrals of all orders. Such an operation is practically impossible 
for the extremely high number of exchange integrals which occur between two basic 
functions with eight electrons. The development of the calculation has been accomplished 
up to triple exchanges inclusive as shown in the Tablk 

As the values of integrals between two basic functions are independent of the symmetry 
operations, we have taken advantage of the fact that the basic functions of the problem can 
be derived from those of benzene by a product of x((@)x(a). Now the perturbation due to 
these orbitals may be considered nearly equal in the integrals between two basic functions 


c 


? Eyring, Walter, and Kimball, ‘’ Quantum Chemistry,’ J. Wiley, New York, 1944 
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TABLE. 
._ Mba. 


M ca 
M da 
M xa 
VU xb 
M x 
M ad 


1, 1 and writing down only the atomic functions which do not correspond in the 


two members 
ige integrals, With this position we have, for example, 


fm defxx M bdcaexfx dr = ABCS, 


24B* — 3C* — 5S,* — 10S,* — 10S,* — 5S,* + 148% — 30A*°B 


2085,S, + 1OBS,* + 20BS,S, + 10BS,* — 12AS,S, — 12AS,S, — 12A5S,S,7 
4/90 18A* — 54B* 4+ 9C* — 95,? 18S,? 18S,* — 9S, + 368° — 36A*B 


2085S," + 36BS,S, + 20BS,* — 16AS,S, ~ 16AS, 16AS,S, 


4A* — 8A* — 8B 
124°*R 4 6AB 2BS,? — 8BS,S, + 6BS,S, 


6CS,S, + 2B 168* + 10A*B 4+ 6ABC + 5BC* 
ASS, + 3AS,S, + 2BS,* 28545, + 30S,5,? 


160 4 18A* — 368% — 6S,* 248° — 364*B — 36ABC + 


1428S," + 28BS,S, + 14BS,* ~ 164S,S, — 16A5,5, — 1645,S, — 45,5, 


L2ABS, 1OBCS, + 4BCS, — 21BS,' 
3Sg5,* + 35,5,7 25,5,° 
ISAS, 12BCS, 4BCS, 31B*S, 


45,5,’ $5,5,° 


68° — 18A*B + 12CS,S, 


+ 65° 

124°B 4 GABE 4BS,*? 4+ 2BS,* — 8BS,S, + 6BS,S, 
5," — 16B* + 104*B + 6ABC + 5BC* 

2BS,* — 2BS,* — BS,* + BS,S, — 2BS,S, + 3CS,S,\ 

SBS, — 3BS, — 6ABS, + 4BCS, — B*S, — 8C*S, + 34S, + 3B*S, 


SACS, 3S,° + 5,5," + 35,5S,? 65,5," 


The integrals so marked refer to the polar atom 
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having the same spin distribution in the benzenic orbitals or reducible to this by symmetry 
operations.* This is approximately true only if the integral between two basic functions 
does not involve a coulombic integral. 

The values of the exchange integrals have been considered independently of the atomi 
functions which do not participate in the exchange,+ except for double exchange integrals 
in polar structures. 

The numerical calculation should now be possible. At first we used the values for Z 
proposed by Zener and Slater,® but as these values do not lead to good results,“ we have 
used those proposed by Kohlrausch:* unfortunately, with the latter values the matrix 
elements converge slowly as we increase the order of exchange integrals added. Even 
exchange integrals of higher order than triple still have noticeable values, and it is necessary 
to introduce them in the expression for the matrix elements. This, of course, complicates 
the problem 

We have therefore tried to find a method which could allow the introduction of exchanges 
of higher order without requiring the complete development of integrals between two basic 
functions. We have obtained 5, elements as follows: in the integral between two basic 
functions one can exchange only atomic eigenfunctions having the same spin: now, all the 
exchanges between atomic eigenfunctions with spin « and then with spin 6 having been made, 
all the other exchanges result from their combination. Such a situation is expressed by 
the following formula ; ¢ 


S (—1)% Sox 508 Soad( 1)pa* %S +S >( ] )% eS on 


DPS an Z(— 1) Spm 

where Sy, and Sog are the overlap values of exchange between the atomic eigen-functions 
with spin « and @ respectively of the first exchange integral; J, is the number of exchanges 
necessary to have the starting function from the first exchange integral; S,, and Sg» 
are the values corresponding to the overlap of the n-th exchange between atomic eigen 
function of a-spin and 6-spin among themselves; /, and g, are the number of exchanges 
necessary to obtain distribution « or 6 respectively from the m-th exchange in the first 
exchange integral. 

When calculating the values of the matrix elements Hy, the method followed by us 
takes advantage of the regularity shown by Hy with subsequent additions of double, 
triple, . . . exchange integrals. If one compares the successive values with the corre- 
sponding overlap integrals, it is possible to make quite a good extrapolation to the final 
value with all orders of exchange. 

By following this method it is possible to calculate the secular equations for the problem 
of the electronic states in any molecule of the type Ph: X-Alk 

Molecules Ph:X-Ph.—The problem is now more complicated because of the larger 
number of x electrons. It is obvious that we must introduce additional approximations 
first we shall consider the molecule Ph-X+Ph as composed of two parts: Ph-X+ and «Ph 

This assumption implies the disappearance of symmetry in the molecule during our 
calculations. Certain other effects also have to be regarded as less important, for example 

to symmetry (interaction of the two structures 


2) and (2 


sis justified by the fact that overlap of the atomic function of the hetero-atom with the atomi 

function of the carbon atoms of the benzene nucleus decreases rapidly with the increase in distance 
the exchange integrals of high order involving the atomic eigenfunction of the hetero-atom, therefore, 
lead to very little difference 

t This is demonstrable if the atomic integrals having many centres are calculated with Mulliken 
approximations 
t It is noteworthy that analogous formul# can be derived for the Hy 
although more rigorous—is very difficult, and the method to be described later has been preferred 

* Zener, Phys. Rev., 1930, 36, 51; Slater, ibid., p. 57 

"4 See also Scroceo and Salvetti, Ricerca sci., 1953, 23, 1410 

* Kohlrausch, Acta Phys, Austriaca, 1950, 3, 452 


this way of working 
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important, since the absorption spectra of compounds Ph-X-Ph are very similar to those 
corresponding to the alkyl-aryl type. 

(ii) The interaction of px electrons of the heteroatom X with the 2px electrons of the 
econd benzene ring (we have, however, taken some account of this interaction by intro- 
ducing in the values of the matrix elements in connection with the part Ph-, half of the 
calculated value of the perturbation of the px electrons of X already found when solving 
the problem of the structure Ph: X+). 

(iii) Lhe interaction benzene nucleus(1)—benzene nucleus(2) (this can almost certainly 
be considered very unimportant as it should play almost an identical réle in the first few 
energy levels whatever the central atom X). 

[his procedure, although not absoluteiy orthodox, could represent a good approximation 
to the real state of the molecule. It is also known that molecules of the type considered 
are not coplanar. 

We must therefore take into consideration not only the different interaction of the 2px- 
orbitals of the benzene nucleus with the px-orbitals of the X atom, but also the interaction 
between the latter and the o skeleton of the molecule. In practice only the exchange 
integrals between the p-orbitals of the hetero-atom and the two trigonal orbitals o, and o, 
of the nearby carbon atom will be of importance, together with the trigonal orbitals of 
atoms 4 and f, 6, and a4, which form a o-bond with the former. 

| priors this o~x interaction would not appear to be negligible because at first it seems 
to be different for covalent and polar structures (in the latter there is only one p-atomic 
orbital on the herero-atom). There are, on the other hand, strong reasons to believe that 
uch interaction should have a constant weight in the first two excited levels with which we 
are concerned 

[hese considerations are- based on the following points: (iv) The angle which the 
X orbitals form with the plane of the ring varies over the range 50-——-60° ; this fact, together 
with the consideration that the o-orbitals are sf* hybrids, makes the overlap integral and 
the exchange integral between the o and X orbitals have not very large values. 

(v) The interaction energy o—z which we call E,_, is formed by an addition of exchange 
integrals of various orders. Owing to the spatial position of the 3/, orbital of sulphur one 
priont affirm that the terms having the most weight in this addition are the double 
exchange integrals (with a minus sign for “ repulsion ’’) and only those derived from the 
latter for the successive exchange between two atomic eigenfunctions : ¢.g., the triple and 
quadruple, having a plus sign, These to some extent compensate for the value of the 
double integrals. Such compensation could be approximately considered as 1/3 (maybe 
more than less); because if we have a certain distribution of orbitals, increasing the order 
of exchange integrals, the number of distinct ways in which they could be built up is also 
increased. Although it is not possible to give a quantitative value to £,_,, it is clear that 
for all these reasons one should expect a very small value when compared with that one of 


cCahh a 


the energy corresponding to structures considered in the problem of the molecule Ph: X>. 
(vi) [he values of energy for the structures which we have considered in our problem 
are obtained from equation (5) 
[ WHY ids 
ky \ - : ° , . , ‘ (5) 
[Vi .de 
If we neglect the contribution of the term $ 
can write 


on Which represents the overlap of o-x we 
> (Exchange integral) 


E, = Ey, + = r ice a cere 
where E,, is the menergy of the L structure, S, the corresponding overlap, and 
> (Exchange integral) is the sum of the exchange integrals between the 39, orbital of 


ulphur and the trigonal orbitals of carbon aroms. Now, in the polar structures the term 
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S, is about one-half of the corresponding term for the covalent structures; the sum 
> (Exchange integral) for the covalent structures is about twice that for the polar 
on 

structures. 

rhe value E,, is now a constant for the covalent and polar structures. Also the 
interaction between the two types of structures has approximately the same value. 

For this reason we can consider the difference of energy between two levels as 
independent of the interaction o-z. In no case is the assignment of transitions affected. 
rhe problem is therefore related both to the previous one and to that of finding the matrix 
elements when the perturbation of the electrons of the hetero-atom have been added to the 
original phenyl 

When dealing with the lower energies of Ph-, which are principally due to structures of 
covalent type, we have followed the same procedure as indicated in the previous paragraph, 
and expressed the matrix elements as functions of integrals between two basic functions ; 
these, which result from six atomic eigenfunctions, are easily written as functions of exchange 
integrals of all orders, without its being necessary to use any approximation such as the 
interpolation scheme previously described. 


a 


Calculation and Results.—-We proceeded as just indicated in the case of anisole (I; X QO), 
thioanisole (I; X S), and diphenyl sulphide (I; Kk Ph, X S) with particular consider 
ation to the last; we have also taken into account the fact that the planes in which the two 
benzene rings lie form an angle of 72°. The atomic eigenfunctions are those of Slater's type 
without nodes, The exchange integrals have been expressed as a function of integrals between 
atomic eigenfunctions, following the usual method. 

The calculations have been accomplished, when possible, by following the interpolation formula 
of Scrocco and Salvetti ” or of other authors," the following parameters being used: distance 
C-C 2-63 a.u., distance C~-O 2-59 a.u., and Z values, Z, 2-088," Z, 2-900." 

The integrals where the 3p sulphur electrons were involved have been calculated as follows 
Kohlrausch’s paper ® indicates the procedure to obtain the orbital radii from the screening 
constants. If we express these values in atomic units, the values of atomic repulsions are 


(aa/bb) = 1/L+1/D.... . re 


obtained * from (7), where L and D are as indicated in (IV) and F is the internuclear distance 
between the atoms a and b. This is equivalent to considering the electronic cloud as 
‘ concentrated "’ in two half-charges set over the extremities of the radii of the orbitals, 

rhe distance carbon—sulphur has been taken equal to 3-33 a.u., and the charge Z, 2-64." 


Che calculation of integrals of type (xxVy) has been made by Sklar’s method, and the 
values of Z necessary for the calculation are : bs 366, Zo 4-94, Z, 4-08. For integrals 
with more than two centres we adopted Mulliken’s approximation 
For the electroaffinity of carbon we used the value 0-069 A pro 
posed by the same author.“ The ionization potentials are the 
following : Ig 11-27 e.v.,"* Jo] 12-6 e.v., Ig 10-36 ev. 

On the basis of values obtained by the above method, we 
calculated all necessary exchange integrals. Also we grouped 

- ‘ together the invariable terms such as nuclear repulsion and ioniz 
ation potentials, so that every integral could be expressed in the 

(IV) form SQ — A, S being the overlap of such an integral, Q the 
coulombic term from which arises the particular exchange integral, and A is expressed in 


atomic units 


* A better formula is (aa/bb) = (1 — Sg*)/L + 1/D, where So [sabe dr 


t We have used the value which oxygen has in the water molecule following Price and Sugden (Trans 
Faraday Soc., 1948, 44, 116) 

1 Scrocco and Salvetti, Ricerca sci., 1952, 22, 1766 

1! Barnett and Coulson, Phil. Trans., 1951, 243, 221 

18 Roothaa~, {| Chem Phys., 1951, 19, 1445 

* Sklar ana Liddane, ibid., 1939, 7, 374 

4 Mulliken, ihbid., 1934, 2, 782 

4% | andolt—Bérnstein, “ Zahlenwerte und Functionen,” I Band, | Teil, 1950 
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4y substituting the values obtained for the exchange integrals in the expression for the matrix 
elements and interpolating for the higher-order exchanges as already indicated, it has been 
possible to write the secular equations for thioanisole and anisole 
Putting X d E, 


where Q is the coulombic integral and FE the energy, we obtained the 
secular equations 


1 hioant ole 


(* + O-O054) 


O-O824(% + 0-040) 0-1 256(% 1) 
1, 0-O824(% + 0-040) (* 0-065) 0 1343(% l 0 
O-1256(% 1) 0-1343(% 1) (x 210) 
7, | (x 4+ 0336) O-O51(* 4+ 1) 0 
' 0O-O5l(% 4+ 1) (x + 0-456) 
tnisol 
(x 0-126 0-9830(% + 0-123) 0-2083(4 1) 
1, O- VRBO (x 123) (* 0-131) O-2176(4 1) } 0 
O- 2083 % 1) O-2176(% 1) : O312) | 
B (x 0-365) O-OL23(% 1) 0 
' O-O123(4 1) (x + 0-520) 
I herefore the lower excitation energies have the following values 
[hioanisole Cak Found 
| excited (A,) 4-55 e.v. ~2730 A 2750 A, 
| ae 4-73 e.v, ~2630 A 2540 A 
Anisole 
I excited (B, 4-85 ev. ~2560 A 2600-2800 A 
= ie 5-80 ev, ~2140 A 2200 A 


(here is therefore good agreement between the calculated and experimental values. 
Passing to diphenyl sulphide, we have also to consider in our calculation steric hindrance, 
bearing in mind the fact that exchange integrals are approximately proportional to the corre 


ponding overlap integrals. The secular equations for the PhS: group are 


| 


(x O-O114) 


O-DBIB(s 00242) 0-0992 (x 1) 
1, O-DRIB( 4 0-0242) x OL1L25(4 1) 0 
0-O992(* 1) O-LL25(« 1) (* 0-253) 
j | (* 03712) 0-0370(% +4 2) 0 
' | O-O37(* + 2) (x + 0363) 
olving these, we have the following solutions 

F | a O — 0-049 
1, E, «= Q + 0-298 
B, FE, = Q + 0-314 


which correspond to the following excitation energies 


I excited (A,) 


2640 A 
I _ 


1) shishese 4-95 « 2500 A 


Che weights of the various structures in the various 


states may be 
AS follows 


shown to be approximately 


1 


, fundamental 


O48(K, K,) 0-40(D, + Dy + Dy 0-12(P, + P,) 
I excited O-15(K, + Ky 0-85(P, + P, 
By Il O-55(K, K,) O45(P, P, 


For the phenyl group, operating as already 


described, we 
equations 


have the following secular 


, ‘ 00721) 0-9829(4 00844) n 
w O-P820(4 0-0844) (a 00594 | 
Bue | ‘ 02885 | 0 


Ihese give, for the fundamental and the first excited states, the following energies : E, 
O ~ 0-0761, E, QO — 02885, corresponding to an excitation energy of 4-95 e.v. (2500 A) 


A Ma tht 
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The weights of the structures in the two levels considered are as follows : 


Mvp. ves ssi ieh ellis dhetleeh nine adadiiiaidicinias lianas 0-67 (K, kK, 0-33 (D, D, + Dy) 
lat - sbbccudeebeesscdbeveddnessssceeleeaen . (Kk, K,) 


; 


a 


Following the approximations, discussed on p,. 4963, the molecular functions for diphenyl 
sulphide come from the product of the molecular functions of groups Ph*X* and C,H,*; the 
energy levels result from the addition of the energy levels of the two parts 

Let us call the sum of the coulombic integrals relative to the two partial problems W. Then 
the first four energy levels, to which correspond the first three transitions, are the following 


(where £, and E, are the energies relative to phenyl; /,, /:,, Ey, those relative to Ph:S+) 


E, +, = W — 0-125 E, + E, = W + 0-238 
E, + E, = W + 0-222 E, + E, = W + 0-238 

The fact that the third and the fourth level have the same energy, together with the fact 
that the spectrum of diphenyl sulphide shows a single band in the region corresponding to the 
particular transition, seems to justify our mode of calculating the perturbations for the second 
benzene ring 

From the previous values we obtain for the corresponding transitions the following values 


Cak Found 
I ee ee NT pee ee 4°72 e.v. (2640 A) 2700 A 
i eee Ee ee a 4-95 e.v. (2500 A 2500 A 


As for the weights of the various structures in the various excited levels, they are obtained 
by multiplication of the relative weights corresponding to the two partial problems 

rhe first transition is therefore essentially due to a structure of conjugated type, while the 
second and the third transition, which coincide, form a single band which can be considered a 
modified benzene band 


Conclusions.—-The fundamental fact emerging from our calculation is the following : 
the band towards the longer wavelength in anisole is essentially due to a transition of 
type B,, in benzene, although modified, while the band in the 220 my region is essentially 
a transition of type B,, modified. On the other hand, in thioanisole the band in the 250 mu 
region is still of the type B,, modified, while the absorption in the 280 my region is a new 
transition due to the interaction of the 3p electrons of sulphur with the phenyl ring; t., 

i \ 
the interaction S—Ph in thioanisole is much stronger than that of O-Ph in anisole. 

A similar situation to that in thioanisole occurs in diphenyl! sulphide, where the 
maximum in the 275 my region is essentially due to the m° chromophore, as empirically 
assigned by one of us from an ultraviolet spectral study; it also follows from our 
previous calculation that the second phenyl group of dipheny! sulphide, compared with 
that in thioanisole, does not significantly affect the excitation energy 


This work has benefited from a grant from the Italian C_N.R The authors are indebted to 
Professor Coulson for helpful discussions and for criticism of this paper 
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964. Coenzyme A. Part X.* Model Experiments on the Synthesis 
of Pyrophosphates of N-Pantoylamines. New Methods for the 
Debenzylation of Esters of Pyrophosphoric Acid. 


By J. Arnis, J. Bappitey, J. G. Bucnanan, and E. M. THarn, 


Compounds now prepared in connection with a projected synthesis of 
4’-dephospho-coenzyme A (Il; R =H) include the 4-phosphate (III; 
i H) and 4-pyrophosphate (V; K H) of N-pantoylceyclohexylamine. 
[he pyrophosphate was prepared from the 4-phosphate or its monobenzyl 
ester (IIL; K = CH,Ph) by reaction with dibenzyl phosphorochloridate, 
followed by reduction 

tenzyl groups were readily removed from esters of pyrophosphoric acid 
and from nucleotides by reduction with sodium in liquid ammonia, Di- 
benzyl pyrophosphate gave inorganic pyrophosphate in high yield, tribenzyl 
pyrophosphate gave mainly pyrophosphate, and tetrabenzyl pyrophosphate 
gave mainly orthophosphate 

Some benzyl esters of ortho- and pyro-phosphoric acid are also debenzyl- 
ited in alcoholic solution by irradiation with ultraviolet light. 


Iiere are several general procedures which might be applicable to the synthesis of 
eoenzyme A ([; R = PO,H,) or 3’-dephospho-coenzyme A (1; R =H). These all 
involve condensation of two phosphoric esters, such as adenosine-5’ phosphate 
and pantetheine-4’ phosphate or their derivatives, to give a pyrophosphate. Reagents 
which effect similar condensations have been examined by us in model experiments on 
the synthesis of 3’-dephospho-coenzyme A. The presence of a thiol or sulphide group 
and of two amide groups in the pantetheine-4’ phosphate component usually 
interfered with pyrophosphate synthesis, but experiments described in this paper suggest 
that the pantothenic amide group does not preclude pyrophosphate synthesis through 
phosphorochloridates. 

N-Pantoyleyclohexylamine (II) was chosen as a model for the introduction of a pyro- 
phosphate group. This amide was readily phosphorylated with dibenzyl phosphoro- 
chloridate to give a neutral dibenzyl ester. It was shown earlier that phosphorylation 
of pantothenic acid derivatives with this reagent gives rise exclusively to 4-phosphates.! 
Ihe neutral ester could not be purified but was hydrogenated catalytically to N-pantoyl- 
cyclohexylamine-4 phosphate (III; R = H), characterised as the crystalline monocyclo- 
hexylamine salt. Treating the triethylamine salt of this phosphate with dibenzyl phos- 
phorochloridate and hydrogenating the product gave a mixture. Paper chromatography 
of the products showed that, besides inorganic ortho- and pyro-phosphates, unchanged 
N-pantoyleyclohexylamine-4 phosphate, and the 2: 4-cyclic phosphate * (IV), there was 
a major spot of the required N-pantoyleyclohexylamine-4 pyrophosphate (V; R = H). 
rhis component was isolated by extraction from a number of paper chromatograms and 
converted into its crystalline cyclohexylamine salt. Its structure was proved by analysis 
and by its conversion into the phosphate (III; R = H) and inorganic phosphate on 
short acid hydrolysis. 

When the dibenzyl ester of N-pantoyleyclohexylamine-4 phosphate was heated with 
barium thiocyanate in 2-ethoxyethanol,? the monobenzyl hydrogen phosphate (III; 
RK = CH,Ph) was formed. It was isolated as its crystalline cyclohexylamine salt. The 
triethylamine salt of this monobenzyl ester reacted with dibenzyl phosphorochloridate 
and the resulting mixture, after removal of benzyl groups by hydrogenation, was examined 


* Part IX, /., 1054, 2803 


' Baddiley and Thain, /., 1953, 1601. 
* Idem, thid., p. 903 
* Morrison and Atherton, B.P. 675,779. 
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on paper. The products were very similar to those from the unprotected N-pantoyl- 
cyclohexylamine-4 phosphate. A major product, with chromatographic properties 
identical with those of A-pantoyleyclohexylamine-4 pyrophosphate, was hydrolysed 
quantitatively to N-pantoyleyclohexylamine-4 phosphate and inorganic phosphate by 
short acid treatment. 

The neutral dibenzyl ester obtained by phosphorylation of N-pantoyleyclohexylamine 
has interesting properties. Attempts to crystallise it led to the isolation of the eyelo- 
hexylamine salt of dibenzyl phosphate. Even with rapid working under conditions as 
anhydrous as possible, debenzylation with a tertiary base * or with barium thiocyanate ® 
led to the production of dibenzyl phosphate. The latter has solubilities very similar to those 
of the required monobenzy] ester and neither repeated crystallisation of the cyclohexylamine 
salt nor purification through metal salts efiected a separation. The presence of dibenzyl 
phosphate in chromatographically pure preparations of the monobenzyl ester (III; 
R = CH,Ph) was shown by catalytic hydrogenolysis when, together with the 4-phosphate, 
a trace of inorganic phosphate was always produced. We envisage hydrolysis of the 
neutral ester (owing to its hyroscopic nature) leading to the production of pantolactone 
and the cyclohexylamine salt of dibenzyl phosphate. We have noticed the formation of 
diphenyl phosphate and simultaneous fission of the amide linkage with several 4-(00-di- 
phenylphosphoric) esters of pantothenic acid derivatives during either prolonged storage 
or isolation procedures involving prolonged contact with aqueous solvents. 
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CH,*CMe,*CH+ CO: NH: C,H, 
Oo ¢ (V) 
(IV) 
The above syntheses suggest that it might be possible to prepare 3’-dephospho-coenzyme 
A from a suitably protected derivative of pantetheine-4’ phosphate and 2’ : 3’-tsopropyl- 
ideneadenosine-5’ benzyl phosphorochloridate.® An intermediate in this synthesis would 
be an unsymmetrical pyrophosphate bearing one or two benzyl groups. The benzyl 
groups would have to be removed at a later stage in the synthesis. It was also thought 
that protection of both the 2’-hydroxyl group in the pantoyl residue and the terminal 
thiol group as their benzyl ethers might be necessary. These partially benzylated esters 
and ethers could occur in syntheses of the more direct type in which condensing agents 
such as carbodi-imides,® oxime sulphonates,’ ethoxyacetylene,* etc., are used. In several 
routes, then, the need would arise for the removal under mild conditions of benzyl groups 


* Cf. Baddiley, Clark, Michalski, and Todd, /., 1949, 815 

* Corby, Kenner, and Todd, J., 1962, 3669 

* Khorana and Todd, J , 1953, 2254 

? Atherton, Morrison, Cremlyn, Kenner, Todd, and Webb, Chem. and Ind., 1965, 1183. 
* Arens and Doornbos, Rec. Trav. chim., 1956, 74, 79 
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from a pyrophosphate. Hitherto, this has been done by catalytic hydrogenolysis,’ 
quaternisation with a strong tertiary base,‘ anionic debenzylation,* ' !1 or acid-catalysed 
transfer of benzyl to phenol.* The presence of sulphur in our compounds precluded 
hydrogenolysis with a palladium or platinum catalyst, and acidic phenol solutions caused 
extensive decomposition of some of the sulphur-containing model compounds. The 
former difficulty was overcome in earlier work on the synthesis of simple monophosphates 
of pantetheine by removing benzyl groups with sodium in liquid ammonia.' It was of 
interest to examine the effect of this reagent on pyrophosphates. 

[he various compounds were treated with sodium in liquid ammonia under anhydrous 
conditions and the products, after removal of ammonia by evaporation, were rapidly 
dissolved in water and passed through a column of a cation-exchange resin in the free acid 
form. The resulting solution of phosphates was neutralised with ammonia without 
delay and examined by paper chromatography. P'P*-Dibenzyl pyrophosphate was 
converted quantitatively into inorganic pyrophosphate. Tribenzyl pyrophosphate gave 
mainly inorganic pyrophosphate but also some orthophosphate. With tetrabenzy! 
pyrophosphate more orthophosphate was formed but even here a certain proportion of 
inorganic pyrophosphate was detected, A third product from tetrabenzyl pyrophosphate 
was recognised as inorganic phosphoramidate. This substance was identical in Ry with 
inorganic phosphoramidate produced by the action of sodium in liquid ammonia on 
dibenzyl phosphoramidate,™ 

These results are consistent with general ideas regarding the greater reactivity of the 
pyrophosphate linkage in neutral pyrophosphoric esters than in esters containing free 
acidic groups. The formation of inorganic phosphoramidate from tetrabenzyl pyrophos- 
phate is not surprising, since ammonia reacts readily at room temperature with this ester 
to give dibenzyl phosphoramidate and ammonium dibenzyl phosphate." 

P!- Benzyl P*-N-pantoyleyclohexylamine-4 pyrophosphate (V; K — CH,Ph), prepared 
by the action of barium thiocyanate on the neutral tribenzyl ester, was readily converted 
into N-pantoyleyelohexylamine-4 pyrophosphate by reduction with sodium in liquid 
ammonia, a8 well as by catalytic hydrogenolysis. This reagent also debenzylated 2’ : 3’-1so0 
propylideneadenosine-5’ dibenzyl phosphate to 2’ : 3’-isopropylideneadenosine-5’ phos- 
phate Although the method could not be used with pyrimidine nucleotides because of 
reduction of the pyrimidine ring,'® it is useful for the removal of benzyl groups from inter- 
mediates in many nucleoside pyrophosphate syntheses. It is already known that benzyl 
groups on the 2’-hydroxyl and the thiol group in pantetheine and its phosphates are 
removed under the conditions of reduction described above.! 

Although complete removal of benzyl groups from a fully benzylated derivative of 
3’-dephospho-coenzyme A by sodium in liquid ammonia would proceed in low yield, 
reasonable yields should be obtained from partially benzylated derivatives. 

[he relative ease of removal of benzyl as opposed to other alkyl and aryl groups by 
various techniques is sometimes attributable to the ready formation of benzyl radicals. 
[his suggested to us the possibility of debenzylating pyrophosphates by irradiation with 
ultraviolet light. Dibenzyl phosphate and tetrabenzyl pyrophosphate were debenzylated 
smoothly in alcoholic solution by ultraviolet light, the latter giving inorganic pyrophosphate 
accompanied by only traces of orthophosphate. Adenosine-5’ benzyl phosphate, on the 
other hand, was completely unaffected under the experimental conditions employed. 
his relative stability is probably due to the strong absorption of ultraviolet light by the 


purine moiety 


* Haddiley and Todd, /., 1947, 648 
' Clark and Todd, /., 19560, 2023, 2031 
Anand, Clark, Hall, and Todd, /., 1952, 3665 
Christie, Kenner, and Todd, /., 1954, 46 
' Baddiley, Buchanan, and Letters, /,, 1056, 2812 
'* Atherton and Todd, J., 1947, 674 
Burke, Chem. and Ind., 1054, 1393 
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EXPERIMENTAI 

Evaporations were carried out im vacuo. 

N-Pantoylcyclohexylamine.—DL-Pantolactone (7 g.), dissolved in cyelohexylamine (ca 
50 c.c.), was refluxed for 30 min. Solvent was removed and a little ether was added. After 
decantation of the ether, the solid residue of amide recrystallised from aqueous alcohol as prisms, 
m. p. 111° (10 g., 80%) (Found: C, 62-8; H, 98; N, 63. C,,H,,O,N requires 
C, 62-8; H, 10-0; N, 61%). 

A sample prepared from p(—)-pantolactone had m. p. 104°, (a), +51-4° (c 2-57 in EtOH) 
(Found; C, 62-6; H, 10-2; N, 61%). 

cycloHexylammonium Salt of DL-N-Pantoyleyclohexylamine-4 Phosphate.—-Dry p1-pantoyl- 
cyclohexylamine (5-0 g.) was dissolved in dry pyridine (30 ¢.c.) and cooled in acetone-carbon 
dioxide. To the slurry was added dibenzy!l phosphorochloridate (from 5-5 g. of dibenzyl 
phosphite) in carbon tetrachloride (8 c.c.). The mixture was allowed to reach room 
temperature and after an hour was treated with the same amount of the phosphorochloridate 
under identical conditions. After 2 days at — 10° pyridine was removed by distillation, The 
syrup was dissolved in ethyl acetate (20 c.c.) and washed successively with water, 2N-sulphuric 
acid, and water. The solution was dried (Mg5SQ,), filtered, and evaporated to a clear syrup 
(15-7 g.) 

A portion (10-0 g.) was hydrogenated in ethanol with palladium as catalyst rhe catalyst 
was filtered off, water was added, and the ethanol evaporated, The solution was adjusted to 
pH8 with barium hydroxide solution, barium phosphate was filtered off, and the solution was 
passed through a column of Amberlite IR-120 (11* form) to remove barium ions. The effluent 
and aqueous washings were neutralised with cyclohexylamine and evaporated to dryness 
Trituration with ethanol gave a solid (8-8 g., 79%) which could not be recrystallised, although 
paper chromatography indicated that it was homogeneous. However, the monocyclohexyl 
amine salt, m. p. 194—195°, readily crystallised from water (Mound: C, 53-2; H, ®1; N, 7-1; 
P, 7:7. CygHy,O,gN,P requires C, 53-0; H, 91; N, 69; P, 76%) and gave one spot when 
chromatographed on paper in n-propyl alcohol-ammonia (see Table) 

cycloHexylammonium Salt of Benzyl N-Pantoylcyclohexylamine-4 Phosphate,—v-N-Pan 
toyleyclohexylamine (11-5 g.) was phosphorylated with dibenzyl phosphorochloridate (from 
15-0 g. of dibenzyl phosphite) in the usual way. The mixture, after evaporation of excess of 
pyridine, was dissolved in ether and washed exhaustively with water, N-sulphuric acid, water, 
n-sodium hydroxide, and finally water, dried (MgSO,), and evaporated to a syrup (22-7 g,) 
Paper chromatography showed the absence of dibenzyl phosphate, The neutral ester was 
dissolved in 2-ethoxyethanol (100 ¢.c.), and barium thiocyanate (25 g.) added, The rnixture 
was heated at 100° for 1 hr., during which it solidified rhe following day it was treated with 
ether (500 c.c.) and filtered, and the solid was washed with ether and dried (P,O,). The product 
(37 g.), dissolved in 50% aqueous ethanol (400 c.c.), was poured through a column (2-7 x 90 
cm.) of Amberlite [R-120 (H* form). Washing of the column was continued until the effluent 
was neutral, and the combined effluent was adjusted to pH 8 with cyclohexylamine (ca. 13 ¢.c.) 
Che solution was evaporated to 300 c.c. and the crystalline product was filtered off and washed 
with acetone and ether (15 g.; m. p. 189--190°). A further crop (1-0 g.; m. p. 183°) was 
obtained from the mother-liquors. Recrystallisation of the first crop from ethanol-ether 
lowered the m. p., but two crystallisations from water yielded a cyclohexylamine salt with 
m. p. 190--191° (Found: C, 60-2; H, 87; N, 58; P, 63. C,,HyO,N,P requires C, 60-3 
H, 8-6; N, 5-6; P, 6-2%) 

Hydrogenolysis of the Monobenzyl Ester.—The above cyclohexylamine salt (m, p. 190°; 05g.) 
was hydrogenolysed in aqueous-alcoholic solution with palladium. Paper chromatography 
of the products in n-propyl alcohol-ammonia-water showed a strong spot identical with that 
from N-pantoylcyclohexylamine-4 phosphate, together with a trace of inorganic phosphate 
Evaporation of the solution after removal of catalyst, followed by crystallisation from water, 
gave the monocyclohexylamine salt, m, p. 191—193 

N-Pantoylcyclohexylamine-4 Pyrophosphate a) From N-pantoylceyt lohexylamine-4 pho 
phate. The monocyclohexylamine salt (0-5 g.) was converted into the free acid by passage 
through Amberlite IR-120 (H*). The effluent was neutralised with triethylamine and 
evaporated to dryness, The water was evaporated and the residue dissolved in methy! cyanide 
(5 c.c.) and chloroform (10 c.c.). The solution was evaporated to dryness and the process was 
repeated, both chloroform and toluene being used The residue crystallised. It was dissolved 
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in a mixture of dry methyl cyanide (3 c.c.) and carbon tetrachloride (5 c.c.) and cooled to — 10° 
To this solution was added dibenzy! phosphorochloridate (from 0-32 g. of dibenzyl phosphite ; 
1-1 mol.) and the whole was kept at 0° for 2-5 hr., then evaporated to dryness at 0°. The 
residue, dissolved in ethanol (96%), was hydrogenolysed in the presence of palladium black. 
Paper chromatography showed the formation of several compounds including inorganic ortho 
and pyro-phosphate, A major spot having an #y value slightly lower than that of N-pantoy!- 
cyclohexylamine-4 phosphate in the isobutyric acid~ammonia solvent was extracted from a 
chromatogram and shown to be hydrolysed completely by n-hydrochloric acid in 7 min. at 
100° to inorganic phosphate and N-pantoylcyclohexylamine-4 phosphate, This compound 
stable to hydrolysis in aqueous ammonia (d 0-88) under the same conditions, It was 
isolated by running as bands on Whatman No. 3 paper, first in n-propyl alcohol-ammonia 
water (6:3: 1) followed by n-butyl alcohol-acetic acid-water. It was conve-ted into its 
cyclohexylamine salt (42 mg.) by the usual ion-exchange procedure (see above), then further 
purified through the mercury salt and reconverted into the dicyclohexylamine salt, m. p. 130° 
(with previous shrinking) (Found; C, 49-5; H, 99; N, 83; P, 83. CgoH,,O,N,P,,2H,O 
requires C, 49-8; H, 94; N,7-8; P, 8-6%) 

(b) From benzyl N-pantoylcyclohexylamine-4 phosphate. 
pL-monobenzyl ester (m. p. 189°) was treated with ether (10 c.c.) and 2n-sulphuric acid (16 c.c.), 
After two further ether-extractions the combined 
The solution 


The cyclohexylamine salt of the 


and then the ether layer was removed 
extracts were dried (Na,SO,) and filtered, and triethylamine (0-2 c.c.) was added, 
was evaporated to dryness, finally with chloroform and toluene, The residue was dissolved 
and dibenzyl phosphorochloridate (from 0-27 g. of dibenzy!l phosphite) 
Triethylamine (1 drop) was added and the solution was left 

Evaporation left a semicrystalline gum which was rapidly 
Hydrogen uptake was 


in dry chloroform (5 c¢.c.), 
in chloroform (15 c.c.) added 
at room temperature for 2 hr 
dissolved in 95% ethanol and hydrogenolysed (palladium black). 
complete in 15 min, The catalyst was removed and the solution neutralised with ammonia, 
concentrated, and examined by paper chromatography. 

Ihe chromatographic analysis (in n-propyl alcohol-ammonia—-water) was very similar to 
that given by the crude product obtained as in method (a). The material in the N-pantoy] 
cyclohexylamine-4 pyrophosphate spot, which was present in slightly greater amount than 
before, was readily hydrolysed by n-hydrochloric acid in 7 min. at 100°, to give N-pantoy! 
cyclohexylamine-4 phosphate and inorganic phosphate. 

P'-Bensyl P*-(N-Pantoylcyclohexylamine-4) Pyrophosphate.—The neutral tribenzyl pyro- 
phosphoric ester was prepared from the p-monobenzyl! ester (0:5 g. of cyclohexylamine salt, 
m. p, 190°) asin (b) above. The chloroform solution was evaporated to dryness and the residue 
dissolved in 2-ethoxyethanol (5c.c.), Dry barium thiocyanate (1 g.) and triethylamine (1 drop) 
were added, and the mixture was heated at 100° for 15 min., then cooled. Light petroleum 
(b, p. 40-60"; 45 c.c.) was added, the mixture shaken, and the petroleum layer removed and 
discarded, Ether (50 c.c,) was added, whereupon a solid separated, The ether layer was 
decanted, the solid was washed with more ether (50 c.c.), and the ether extracts were discarded 
The solid was ground with water (10 c.c.) and ether (10 c.c.) and filtered. The precipitate 
was washed successively with water (15 c.c.), acetone (10 c.c.), and ether. After drying, it was 
obtained as a pale yellow-green powder A (0-22 g.). The combined filtrates were evaporated 
to dryness, finally with benzene. The residual solid was triturated with acetone, filtered, and 
washed with acetone and then ether, to give a white powder B (0-27 g.). 

Paper chromatography of product A in n-propyl alcohol-ammonia-—water showed the 
presence of '/P*-dibenzyl pyrophosphate, some unchanged monobenzy! ester, and a spot with 
and Ay between these which was apparently the required compound, Solid B contained 
a small amount of the cyclic phosphate of N-pantoylceyclohexylamine together with unchanged 
monobenzyl ester, Dibenzyl phosphate would have the same Fy as the monobenzy! ester of 
N-pantoyleyclohexylamine-4 phosphate. 

Product A (60 mg.) was converted into the free acid by treatment with Amberlite IR-120 
(H{* form) and hydrogenolysed in 50%, aqueous ethanol over palladium black. The product, 
after removal of catalyst, was neutralised with ammonia and run on paper in n-propyl alcohol- 
ammonia~-water, Together with inorganic ortho- and pyro-phosphate and N-pantoylceyclo 
hexylamine-4 phosphate, was a major spot of N-pantoylevclohexylamine-4 pyrophosphate, 
identified by its Ay value and ready hydrolysis with acid to the monophosphate and inorganic 


orthophosphate 
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Products A (100 mg.) and B (100 mg.) were treated with sodium in liquid ammonia by the 
method described below for benzyl pyrophosphates. Chromatograms of the neutralised 
products showed that product A gave the same compounds as were obtained by catalytic hydro 
genolysis. Product B yielded mainly the 4-phosphate together with some inorganic phosphate, 
cyclic phosphate, and a trace of the 4-pyrophosphate (characterised by acid hydrolysis as betore) 

Debenzylation of Pyrophosphoric Esters with Sodium in Liquid Ammonia.—Small pieces of 
sodium were added to the appropriate ester (0-001 mole) in liquid ammonia (50 c.c.) under 
anhydrous conditions until a permanent blue colour was obtained, After addition of a few 
drops of alcohol the solution was allowed toevaporate. Last traces of ammonia were evaporated 
and the residue was rapidly dissolved in water (20 c.c.), the dibenzyl filtered off, and the filtrate 
passed through Amberlite I[R-120 (H* form). The ettluent and aqueous washings of the 


column were neutralised with 2n-sodium hydroxide, and aliquot parts were examined by 


paper chromatography in n-propyl alcohol-ammonia-water (6; 3°: 1) The product from 
P' P*-dibenzyl pyrophosphate showed the presence of only inorganic pyrophosphate, while the 
products from the other two esters showed that inorganic orthophosphate had been produced 
The latter products were analysed for inorganic phosphate and total phosphate by Allen's 
method, the pyrophosphate being calculated by difference. Tetrabenzyl pyrophosphate 
yielded orthophosphate 76:-2% and pyrophosphate 97%; for tribenzyl pyrophosphate the 
values were 22-2 and 58-7% respectively. The product from tetrabenzyl pyrophosphate gave 


a spot on chromatography corresponding to phosphoramidic acid which would behave on 


analysis as inorganic orthophosphate, 

The debenzylation of 2’: 3’-tsopropylideneadenosine-5’ dibenzyl phosphate was carried 
out similarly. Amberlite IR-120 (ammonium form) was used in this case for the removal of 
sodium ions. The main product was 2’: 3’-isopropylideneadenosine-5’ phosphate, Smaller 
amounts of unidentified products were also formed 

Action of Ultraviolet Light on Benzyl Phosphate Dibensyl phosphates, Dibenzyl phosphate 
(50 mg.) in (a) dry ethanol (2 c.c.) and (b) 50% aqucous ethanol (2 ¢.c.) was irradiated in silica 
flasks by a ‘‘ Mineralite *’ lamp, dry oxygen-free nitrogen being bubbled through the solutions 
Aliquot parts were withdrawn at intervals and examined by paper chromatography in the 
isobutyric acid—~ammonium isobutyrate solvent. In each case inorganic phosphate (ty 0-37) 
and benzyl hydrogen phosphate ‘Ry 0-85) were produced from the starting material (/tpy 0-93) 


Ry values of phosphoric and pyrophosphoric esters of N-pantoyleyclohexylamine. 
Ry in PreOH-aq. NH, 
(d 0-88)-H,O 


6:3: 1 Siri 

Pyrophosphate ....cccccrccsccessevcccessccccccccscessovesccoseeses 0-08 0-0 
Orthophosphate — acesccocdccdesccsevevcsoscsossornsvnevessecesscesescconscoeeoses O17 0-02 
Phosphoramidate O18 

N-Pantoyleyclohexylamine-4 phosphate —.............65+ ; e800 0-67 0-29 
N-Pantoyleyelohex ylamine-4 fh oe rey evoevees 0°56 O16 
N-Pantoyleyclohexylamine-2 : 4 phosphate ...... pes saen , 0-88 0-79 
N-Pantoy'-yclohexylamine-4 benzyl phosphate : 0-93 O92 
P'. Benzyl P*-(N-pantoylcyclohex ylamine-4) pyrophosph FOB scene OBI 

Dibenzy! phosphate ........cccvccescsesccrescscsntscceserces pei 0-93 0-86 
Dibenzyl pyrophosphate ......cccccceccccereeeeeeneeceeseres O77 0-60 
Tribenzyl pyrophosphate .........sccccccsesreesceeevesecees 0-00 


Tetrabenzyl pyrophosphate, The ester (0-2 g.) was dissolved in dry ethanol (10 c.c.) and 
nitrogen was passed through the solution in a silica flask. The solution was irradiated as 
before and samples were withdrawn at intervals and examined by paper chromatography. 
After 7 hr. there was a strong spot of inorganic pyrophosphate and only a trace of orthophos 
phate. Spots of intermediate benzyl esters of pyrophosphoric acid were detected, 

Ultraviolet irradiation under these conditions had no effect on S-benzyleysteine or adeno- 
sine-5’ benzyl! phosphate, 
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965. <A Molecular Rearrangement during the Reduction of 
Thionaphthenopyrazole Dioxides, 
sy W. J. Barry, I. L. Fryar, and Atma B. Stmmonps. 
Keduction of 3-methyl-1-phenylthionaphtheno(2’ : 3’-4; 5)pyrazole 1’: I’ 
dioxide (1) with sodium in ethanol causes an intramolecular rearrangement 
with the formation of 3’-methylpyrazolo(5’ : 1’-9: 10)phenanthridine (I1; 


K H). The structure of this compound has been ascertained through 
ynthesis 


3-METHYL-1-PHENYLTHIONAPHTHENO(2’ : 3’-4:: 5)PyRAZOLE I’: I’-pioxipe (I) (previously 
referred to as 3-methyl-l-phenyl-4 : 5-thionaphthenopyrazole-I’ : 1’-dioxide*), when 
treated with sodium amalgam in ethanol, undergoes simple fission to 3-methyl-l : 5-di 
phenylpyrazole * (III). When, however, metallic sodium in boiling ethanol is the reagent, 
the main product is 3’-methylpyrazolo(5’' : 1’-9 : 10)phenanthridine-4’-sulphinic acid (II; 
Kk 5O,H) which separates from the reaction mixture as the sodium salt; a small amount 
of 3-methyl-1 : 5-diphenyl-A*-pyrazoline (IV) is also formed.* 


H, Me Na-H - Me 
2% ee ——t> | i 
PhH N BOW Ph ON 
N N 
Ph Ph 
(IV) (th) (I) (Hh) 


[he free sulphinie acid (IL; RK = SO,H) is very unstable in aqueous solution, especially 
in the presence of hydrochloric acid, sulphur dioxide being evolved with the formation of 
3’-methylpyrazolo(5’ : 1’-9; 10)phenanthridine (II; R H) (previously® referred to as 
compound A), Sulphinie acids which undergo loss of sulphur dioxide usually require a 
higher temperature for the reaction.* Although the sodium salt is stable in alkaline 
solution, it does not react with benzyl chloride to give a sulphone, but is recovered 
unchanged after long heating with this reagent. These properties show that this sulphinic 
acid is different from 3-methyl-1-phenyl-5-pyrazolylbenzene-o-sulphinic acid (V) which is 
readily benzylated and is only slowly decomposed by cold hydroc hloric acid.‘ To 
account for this one might assume that fission of the C-S bond in the original 
thionaphthenopyrazole dioxide (I) occurs on the side adjacent to the benzene ring, to form 
$-methyl-1 : 5-diphenylpyrazole-4-sulphinic acid (VI); the latter was therefore synthesised 
as follow Di-(3-methyl-1 : 5-diphenyl-4-pyrazolyl) disulphide, prepared by a modific- 
ation of Vaillant’s method,’ was reduced to the thiol with sodium dithionite, then 
benzylated, and the benzyl sulphide was oxidised with hydrogen peroxide in acetic acid to 
3-methyl-1 : 5-diphenyl-4-toluene-w-sulphonylpyrazole (VI; Ph°CH,°SO, instead of SO,H). 
rhis sulphone, on reductive fission with sodium amalgam * and subsequent acidification, 
gave the sulphinic acid (VI). This compound was characterised by its reactions and by 
benzylation to regenerate the sulphone. Like its isomer (V), it slowly lost sulphur dioxide 
in the presence of hydrochloric acid to give 3-methyl-1 : 5-diphenylpyrazole (III).* 
Further reduction of the sulphinic acid (VI) with metallic sodium in ethanol gave the thiol 
(VI; SH instead of SO,H) and a small quantity of an oil which appeared to be 3-methyl- 
| : 5-diphenylpyrazoline (IV) 

' Barry, Thesis, London, 1933 

* Barry and McClelland, /., 1935, 471 

* Gessner, Ber., 1876, 9, 1500 

* Barry and Finar, /., 1954, 138 


* Vaillant, Compt. rend., 1894, 119, 647 
* Dabby, Kenyon, and Mason, /., 1052, 4881 
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These results exclude the possibility that 3’-methylpyrazolo(5’ : 1'-9 : 10)phenanthridine 
(Il; R =H) is formed by rearrangement after the loss of sulphur dioxide from the 
sulphinic acid (V) or (VI). The sulphinic acid (Il; R = SO,H) must be formed by a 
rearrangement during the initial reduction of the thionaphthenopyrazole dioxide. In 
view of the structure of the sulphinic acid (II; R = SO,H), it must be formed by rupture 
of the C-S bond on the side adjacent to the benzene ring, followed by a rotation of this ring 


$O,H 
M HO,Sp- M 
| 7 e 2 f “7 e 
N Ph N 
N* Naif 
(V) Ph Ph = (V4) 


about the remaining bond, and the formation of a new bond with the ortho-position of the 
N-pheny! nucleus. It is not clear at present whether the mechanism involves free-radical 
formation, induced by the metallic sodium, or whether the reducing conditions and the 
presence of hydrogen are necessary. The sodium ethoxide may also play a part. 

Attempts to degrade the phenanthridine (IL; K = H) have proved fruitless so far, the 
compound being resistant to all reducing or oxidising agents except acid dichromate or 
acid permanganate which destroy it.7 It was thought, however, that the pyrazole 
nucleus might be weakened towards oxidising agents by the introduction of a hydroxyl 
group as follows. The sodium sulphinate (Il; K = SO,Na) gave, with sodium hypo- 
chlorite, a sulphonyl chloride (Il; R = SO,Cl). At this stage came the first direct 
evidence that the sulphinic acid group is in the reactive (4) position of the pyrazole nucleus, 
since the sulphonyl chloride did not react with bromine in organic solvents. 3’-Methyl 
pyrazolo(5’ : 1'-9 : 10)phenanthridine itself is very reactive towards electrophilic reagents, 
which preferentially attack the 4’-carbon atom in all cases.’ Fusion of the corresponding 
sulphonic acid (II; R = SO,H) with alkali gave, instead of the expected hydroxy- 
compound, the original 3’-methylpyrazolophenanthridine (11; RK = H) by removal of 
the sulphonic acid group. The sulphonic acid was also hydrolysed in aqueous solution, 
slowly in the cold, rapidly on warming. Oxidation experiments with the sulphonic acid 
gave either unchanged material or unworkable tars 
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With the failure to obtain analytical evidence for the structure of the nucleus (II), 
attention was turned to synthesis. 1-0-Aminophenyl-3-methyl-5-phenylpyrazole (VII; 
Ke H, Rk’ NH,) was prepared by condensation of benzoylacetone with o-nitrophenyl- 
hydrazine, and reduction of the product with zine and hydrochloric acid, The diazotised 
amine lost nitrogen on treatment with hypophosphorous acid, giving 3’-methylpyrazolo- 
(5: 1-0: 10)phenanthridine (Il; R H), whereas a simple deamination would have 
given methyldiphenylpyrazole. 

Next, the nitro-compound (VII; RK H, Rk’ NO,) was brominated, to give the 
4-bromo-derivative (VII; R Br, R’ NO,), then reduced to the amine, and the 
diazotised amine was treated with hypophosphorous acid, giving 4’-bromo-3’-methyl 
pyrazolo(5’ : 1-9: 10)phenanthridine (Il; R = Br), Reduction and deamination of the 
isomeric nitro-compounds (VIII and IX) gave only 3-methyl-1 : 5-diphenylpyrazole 

EXPERIMENTAL 

3-Methyl-1-phenylthionaphtheno(2’ : 3’-4: 5)pyrazole 1’: \'-Dioxtde.-Condensing dithiosali- 

cylic acid with acetylacetone in concentrated sulphuric acid at 45—50°, leaving the mixture 


’ Smith, Thesis, London, 1939 
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overnight, and running it slowly into ice-cold water with stirring gave an almost quantitative 
yield of nearly pure 2-acetyl-3-hydroxythionaphthen.* The crude pyrazole, obtained by 
condensation with phenylhydrazine hydrochloride, was oxidised to the dioxide, which has now 
been observed to crystallise in two modifications, m. p. 180° and m. p. 187°, with a transition 
temperature at about 180 Kecrystallisation of the higher-melting modification regenerates 
that of m, p, 180°, while keeping this for several months causes the m. p, to rise. 

Li-(l-benzoylacetonyl) Disulphide (aa’-Dithiobenzoylacetone).—-Chioroform (180 c.c.) (dried 
over Na,SO, for 12 hr.), containing copper benzoylacetone (38-5 g.), was dried for a further hour 
over the same reagent, filtered, and cooled to 0°. Sulphur monochloride (8 c.c.) in chloroform 
25 c.c.) was added dropwise to this solution with stirring. After removal of excess of sulphur 
monochloride with a stream of dry air (2 hr.), evaporation of the chloroform gave a reddish oi! 
23 g., 60%) which on recrystallisation from ethanol gave the disulphide, m, p. 112—114°. 

aillant ® obtained only a 30%, yield. 

Li-(3-methyl-1: 5-dyphenyl-4-pyrazolyl) Disulphide.-Dithiobenzoylacetone (33 g.; 1 mol.) and 
phenylhydrazine (16 g., 2 mols.) were heated in glacial acetic acid (200 c.c.) for 1 hr, at 100°, 
After some hours the solution deposited crystals of the pyrazole (27 g., 58%) Recrystallisation 
from butan-l-ol gave lemon-yellow crystals m, p. 204° (Vaillant ® gave m. p. as 162°) (Found: 
C,72-6; H,46; N, 10-4; S, 12-1. Calc. forC,,H,,N,S,: C, 72-4; H, 4-9; N, 10-6; 5S, 12-2%) 

4- Lensylthio-3-methyl-1 : 56-diphenylpyrazole.—The preceding disulphide (16 g.) was boiled 
with ethanol (200 c.c.) and water (400 c.c.) containing sodium dithionite (50 g.) and sodium 
hydroxide (10 g.). After 1} hr. the almost clear solution was treated with benzyl! chloride 
(10 ¢.c.) with shaking, and the mixture heated on the steam-bath for 4 hr. At 0° the benzyl 
derivative separated (14 g., 80%), and formed colourless crystals, m. p. 108°, from ethanol 


lound »,, U4 ( H 


- N,5 requires S, 9-0%) 
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3-Methyl-1: 5-diphenyl-4-toluene-w-sulphonylpyvazole The benzyl sulphide (1:5 g.) was 
dissolved in glacial acetic acid (10 ¢.c.), and hydrogen peroxide (5 c.c.; LOO-vol.) added, After 
1 hr. at 100° addition of water precipitated the sulphone (1-3 g.) which recrystallised from 
ethanol as colourless needles, m. p. 162° (Found C, 70-8; H, 52; N, 71; 5S, 84 
Cag tl ggO.N,5 requires C, 71-1; H, 6-2; N, 7-2; S, 82%) 


Kteduction of the Sulphone The preceding compound (2 g.) was heated in boiling absolute 
ethanol (50 ¢.c.) with sodium amalgam (50 g., 5%) for 5—6 hr After evaporation the yellowish 
residue (which gave a Smiles sulphinic acid test with anisole and concentrated sulphuric acid) 

vae Gissolved in water, and the solution acidified with 3n-hydrochloric acid. The precipitate 
rapidly became oily and sulphur dioxide was evolved. After being heated for 1 hr. at 100° the 
residual oil was extracted with chloroform, and the solution dried (Na,SO,) and treated with a 
olution of bromine in chloroform, The precipitated bromo-derivative was recrystallised from 
ethanol Its m. p. (72°) was not depressed on admixture with authentic 4-bromo-3-methy] 
1; 6-diphenylpyrazole (m, p. 73—174°). The reduction with sodium amalgam was repeated 
with a further quantity of sulphone, the residue after evaporation of the ethanol was dissolved 
in water (charcoal), and the solution was heated for a few minutes on the steam-bath. Cooling 
to 0° and careful addition of hydrochloric acid gave a white precipitate of the 3-methyl-1 : 5- 
diphenylpyrazole-4-sulphinic acid (Smiles test), A drop of the ethanolic solution from the 
odium amalgam reduction gave an intense carmine colour in Knorr’s pyrazoline test, 

Lieneylation of the Sulphinic Acid,-The white precipitate from the last experiment was 
dissolved in dilute ethanolic potassium carbonate solution, and excess of benzyl chloride added 
After 1} hours’ heating at 100° addition of water gave a precipitate of the sulphone which, 
recrystallised from ethanol had m, p. 162°, not depressed by admixture with 3-methyl-1 : 5- 
dipheny!-4-toluene-w-sulphonylpyrazole 

Reduction of the 3-Methyl-1 : 56-duphenylpyrazole-4-sulphinic Acid.—-The sulphinic ac id (0-2 g.) 
was heated in sodium ethoxide solution (25 c.c.; 5%) for 2 hr. during which sodium (5 g.) was 
added The mixture was diluted with water and extracted with ether. Evaporation of the 
ether gave an oil which gave an intense carmine colour in Knorr’'s pyrazoline test. The aqueous 
layer, on acidification with dilute hydrochloric acid and warming to 100°, slowly deposited a 
white solid, which on recrystallisation from ethanol melted at 200° alone or mixed with di-(3 
methyl-1 : 5-diphenyl-4-pyrazolyl) disulphide 

4’ - Chlorosulphonyl - 3’ - methylpyrazolo(5’ ; 1-9: 10)phenanthridine.—Sodium 3’-methylpyr- 
azolo(5’: 1-9; 10)phenanthridine-4’-sulphinate (sodium sulphinate of compound A) (7 &.), 
prepared by Barry and McClelland’s method,’ was dissolved in warm 0-5n-sodium hydroxide 
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(100 c.c.) and filtered. 10% Sodium hypochlorite solution (50 c.c.) was slowly added with 
shaking. After standing, the precipitate of sulphony! chloride was cream-coloured and 
granular (5 g.) Recrystallised from acetone, the su/phonyl chloride melted at 165° (Found 
C, 57-6; H, 3-3; N, 91; S, 9-8; Cl, 11-0. C,,H,,O,N,CIS requires C, 58-0; H, 33; N, 8-5; 
S, 9-7; Cl, 10-7%). 

Reduction of the Sulphonyl Chloride.—The sulphony| chloride (0-5 g.) was heated in ethanol 
with 5% sodium amalgam (10 g.). The white precipitate which was formed in a few minutes 
was treated with 3n-hydrochloric acid and, when evolution of sulphur dioxide had ceased, the 
residual oily solid was recrystallised from dilute ethanol. It then melted at 122° alone or 
mixed with 3-methylpyrazolo(5’ ; 1’-9 : 10)phenanthridine (compound A), 

Hydrolysis of the Sulphonyl Chloride.—The sulphony| chloride (1 g.), suspended in ethanol 
(100 c.c.), was treated with 50% aqueous potassium hydroxide (20 c.c.) with shaking. The 
sulphonyl] chloride dissolved, and crystals of the potassium sulphonate were deposited 

Alkali Fusion of Potassium 3'-Methylpyrazolo(5' ; \'-9: 10)phenanthridine-4'-sulphonate, 
Several fusions, in a nickel crucible, of the potassium sulphonate with potassium hydroxide 
sodium hydroxide (1: 1) in air or in nitrogen gave, in all cases, a white sublimate, m,. p. 120° 
(120-—-124° when mixed with 3’-methylpyrazolo(5’ : 1’-9 : 10)phenanthridine}, 

Hydrolysis of 3'-Methylpyrazolo(5’ : \'-9: 10)phenanthridine-4’-sulphonic Acid.—Acidifu 
ation of a solution of the above potassium salt gave a clear solution, which, at room temperature, 
slowly deposited crystals, m, p. 123° alone or mixed with 3’-methylpyrazolo(5’: 1’-9: 10)phen 
anthridine. The hydrolysis was rapid when the acidified solution was warmed, The filtrate 
from the deposited crystals gave a test for sulphate (barium chloride) 

Conversion of the Salt into the Chloride.—-The dry potassium sulphonate (0-5 g.) was warmed 
with excess of phosphorus pentachloride (1 min.), and the oily residue extracted with acetone. 
After two recrystallisations from acetone, the chloride had m. p. and mixed m., p. 163°, 

3-Methyl-1-o-nitrophenyl-5-phenylpyrazole.—-Benzoylacetone (3:1 g.), heated with o-nitro 
phenylhydrazine (2-9 g.) in ethanol (50 c.c.) and concentrated sulphuric acid (6 ¢.c.) on a steam 
bath for 30 min., gave the pyrazole (5-1 g., 96°%,) as pale yellow crystals, m. p. 104° (from ethanol) 
(Found : C, 68-6; H,4-8; N, 14-4, C,,H,,0,N, requires C, 68-6; H, 48; N, 15-0%) 

3-Methyl-1-m-nitrophenyl-5-phenylpyrazole.—Benzoylacetone (6-6 g.), heated with m-nitro 
phenylhydrazine hydrochloride (9-5 g.) in acetic acid on a steam-bath for | hr., gave on dilution 
with water the pyrazole (9-0 g., 64%) as pale yellow crystals, m. p. 118° (from ethanol) (ound 
N, 153%). 

3-Methyl-1-p-nitrophenyl-5-phenylpyrazole.—Benzoylacetone (2 g.) and p-nitrophenyl 
hydrazine (2-1 g.) in ethanol on a steam-bath for 2 hr. gave the pyrazole (2-5 g., 70%), m. p 
100°,* 40 * 

1-A minophenyl-3-methyl-5-phenylpyrazoles.—The nitro-compound in glacial acetic acid was 
heated with zinc and concentrated hydrochloric acid until colourless. The amine was extracted 
with ether from the solution made alkaline with concentrated ammonia solution, and recrystal 
lised from ethanol. The o-nitro-compound (2-25 g.) gave 1-(o-aminophenyl-3-methyl-5-phenyl 
pyvazole (1-8 g., 90%), m. p. 134° (Found: C, 76-7; H, 60; N, 16-3. CygH,,N, requires C, 
77-1; H, 60; N, 168%). The m-nitro-compound (5 g.) gave 1-m-nitrophenyl-3-methyl-5 
phenylpyrazole (4-15 g., 74%) (benzoyl derivative, m. p. 172° (Found: N, 115, CggH ON, 


requires N, 11-:9%)]. The p-nitro-compound (1-4 g.) gave the amine (0-7 g., 56%), m. p. 160° 
(benzoyl! derivative 170°).' 
4-Bromo-3-methyl-\-nitrophenyl-5-phenylpyrazoli rhe pyrazole in glacial acetic acid was 


treated with bromine at room temperature. Dilution with water gave a yellow precipitate 
which was dissolved in chloroform and washed with sodium carbonate solution The chloro 
form was evaporated and the pale yellow residue recrystallised from ethanol, The o-nitro 
compound (2 g.) gave the bromo-derivative (25 g., 98%), m. p. 142° (Found Br, 22-2 
C,H ,,0,N,Br requires Br, 22-3%). The p-nitro-compound (2-1 g.) gave the bromo-derivative 
(2-6 g., 100%), m. p. 154° (Found: Br, 21-9%),. 

1-0-A minophenyl-4-bromo-3-methyl-5-phenyl pyvazole [he nitro-compound (0-55 g,), heated 
in ethanol with 60% hydrazine hydrate solution and Kaney nickel, gave colourless crystals of 
the amine (0-2 g., 40%), m. p. 180° (decomp.) (Found: Br, 242. Cyghi,,N,lr requires Lr, 
24-4%) 

* Smiles and McClelland, J., 1921, 1815 

* Auwers and Stuhlmann, Ber., 1926, 68, 1054 

” Reilly, Daly, and Drumm, Proc. Roy. lrish Acad., 1931, 40, B, 04 
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Hypophosphorous Acid Treatment of the Diazotised Amines,The amine (0-3 g.) was 
diazotised in concentrated hydrochloric acid with sodium nitrite solution. After 10 min., the 
solution was poured into 30% hypophosphorous acid (15 c.c.) and set aside overnight. 1-o- 
Aminopheny!-3-methyl-5-phenylpyrazole gave colourless crystals, m. p. 123—124° (from 
ethano!) alone or mixed with compound A, _ 1-0-Aminopheny]l-4-bromo-3-methyl-5-phenyl 
pyrazole gave colourless crystals, m. p, 139° alone or mixed with “ bromo-A.”’ 1-m-Amino 
phenyl and 1-p-aminophenyl-3-methyl-5-phenylpyrazole gave 3-methyl-1 : 5-diphenylpyrazole, 
characterised by its picrate, m, p. 124°,'' and its bromo-derivative, m. p. 75°.'% *! 

NortHugern Porvyrecuyic, Ho_ttoway, Lonpon, N.7. [Received, July 20th, 1956 


't Auwers and Mauss, Ber., 1926, §0, 611 
' Knorr and Blank, Ber., 1885, 18, 316 


NOTES. 
966. Synthesis of a Dihydrosantonin Isomer.* 
By J. K. CHakraparti, P, Dutt, and P. C. Dutta. 
ruts note reports variations in published methods for the synthesis of santonin D by way 
of its 1 ; 2-dihydro-derivative 
2-Methyleyclohexanone was condensed in the presence of sodamide with 2-chloroethy! 
ethyl ketone (instead of with the 2-diethylaminoethyl ketone used by Gunstone and 
Heggie '), and the crude product was refluxed with alkali (this treatment is essential in 
view of McQuillin’s work *), giving the ketone (I). 


Sf 


r~™ Y™ 

o's (J 

oa O44 ZA Oo i CMe(CO,€Et), 
t 


(I) (ih) (ih) 


‘ tC 2 
) [ Z 4 lL. HMe+CO,H AO ee. CHMe-CO,Me 


CHMe-CO,Me 
| 
(IV) (Vv) OH (vi) 
- ' ‘ re Pa 
| l Br pcos ( 
On 2 a @) JZ oO - oa 
CHM ~“ ’ a 
-HMe 4 Y CHMe CHMe 
O-—CO Oo—CO O— CO 
(Vil) (Vil) (Ix) 


The hexalone (II) was condensed with ethyl methylmalonate in presence of potassium 
tert.-butoxide, but the yield was less than that obtained by Abe ef al.* and our product was 
contaminated, probably with the ethyl ester of the acid (IV) arising by partial decarboxy] 
ation. Hydrolysis and decarboxylation then gives a mixture of acids (IV), separated only 
by tedious crystallisation; the form isolated in larger amount was esterified and then 
afforded the enol acetate (V) (max, 238 my; log ¢ 4°35 in EtOH) which with monoperphthalic 
acid afforded an oil, This oil has a spectrum with infrared bands at 2-9 (OH), 6-0 (C:C-CO), 
and 5°78 u (CO,Me), and thus probably has structure (VI); alkaline hydrolysis and acidific 
tion affords the dihydrosantonin (VII) {infrared bands at 5-7 (y-lactone) and 6-0 pw (C:C-CO)), 


* For preliminary communications see Chem. and Ind., 1955, 170; 1956, 99 


' Gunstone and Heggie, /., 1052, 1437 
* MeQOuillin, /., 1955, 528 
* Abe etal J. Amer. Chem. Sov 1056 78, 1416, 1422 
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which gives the monobromo-derivative (VIII) identical with a specimen kindly provided by 
Dr. Abe and converted into santonin D when heated with collidine (cf. Abe et al.*). 

Since epoxide rings are opened diaxially ® in the above reaction, and since (,,) 
is attached equatorially,® the lactone ring in the dihydrosantonin must be cis-fused, in 
conformity with the known structure * of santonin D. The relatively high m. p. (135 
136°) of the dihydrosantonin (VIT) (cf. the isomers,‘ m. p. 87° and 115°) may be due to 
compact packing in the molecule, in conformity with the cis-fusion of the lactone ring. 


Experimental,—2:3:4:5:6:7:8: 10-Octahydro-1: 10-dimethyl-2-oxonaphthalene (I). 
2-Methyleyclohexanone (28 g.), freshly prepared sodamide (11-2 g.), and dry ether (300 c.c.) 
were refluxed for 2 hr. with stirring, then evaporated to half the volume and cooled in a freezing 
mixture, 2-Chloroethyl ethyl ketone (31-25 g.) was added dropwise with stirring, refluxing 
continued for another 2 hr., and the solution then concentrated and left overnight. It was 
decomposed with ice-cold hydrochloric acid and extracted with ether. The extract was washed 
with water, dried (Na,SO,), and evaporated. Distillation gave unchanged 2-methyleyclo 
hexanone, followed by the product, b. p. 110—140°/3 mm. (22-5 g.). This was refluxed with 
potassium hydroxide (22-5 g.) in methanol (450 ¢.c.) for 10 hr. in nitrogen, then neutralised with 
acetic acid, and the alcohol was évaporated almost completely. The residue was diluted with 
water and extracted twice with ether. The ethereal solution was washed with water, sodium 
carbonate solution, and very dilute hydrochloric acid. After removal of solvent the ketone (1) 
(17 g.) distilled at 110—120°/2 mm., had 4,,,, 247 my (log « 4:1 in EtOH) and gave a 2; 4 
dinitrophenylhydrazone, m. p. 197-——198° (lit., 198-199") 

Ethyl a-methyl-a-(1:2:3:4:5:6:7: 10-octahydro-8 : 10-dimethyl-7-oxo-2-naphthyl) - 
malonate (III). To a cooled solution from potassium (2-1 g.) and fert.-butyl alcohol (108 c.c.) 
was added ethyl methylmalonate (48 g.), then after 30 min. the ketone (IT) (24g.). The mixture 
was refluxed in nitrogen for 8 hr. and worked up in the usual way. Distillation gave a forerun 
of starting materials and then (by evaporative distillation) the desired diester (10-6 g.), b. p 
170-—-190°/0-2 mm. The product was sublimed and distilled (b. p. 180--185°/0-4 mm.; lit., 
203°/1-56 mm.) (Found: C, 68-5; H, 8-5. Calc. for C,,H,,O,: C, 68-5; H, 85%). <A 2: 4-di 
nitrophenylhydrazone, prepared therefrom in the usual way, melted at 102-—104°, but repeated 
crystallisation from ethyl acetate yielded a srnall amount of red needles, m. p. 196-—197° (Found 
C, 65-9; H, 6-6. CysH, ON, requires C, 60-2; H, 65%), which was the derivative of the 
ethyl! ester of an acid (IV). 

a-(1:2:3:4:5:6:7: 10-Octahydro-8 : 10-dimethyl-7-ox0-2-naphthyl)propionic ‘acid (IV) 
The above keto-diester (10-5 g.) was boiled under reflux for 6 hr. with potassium hydroxide 
(16-8 g.), water (42 c.c.), and methanol (126 c.c.) in nitrogen. A brown oil was obtained (3 g.) 
This product (52 g.) from several batches was taken up in hot ethyl acetate and on recrystallis 
ation yielded the dicarboxylic acid as needles (22-4 g.), m. p. 191-192” (lit., 204°) (Found ; 
C, 65-0; H, 7-5. Cale. for C,,H,,O, : C, 65-3; H, 7-4%) 

The acid was decarboxylated at 195—-200°, The brown mass was taken up in hot ethyl 
acetate and treated with charcoal, and the solution was concentrated and kept overnight at 0° 
after addition of 510% (by vol.) of light petroleum (b. p. 40-—60°). Colourless crystals 
(8 g. from 22 g. of dibasic acid), m. p. 110-—115°, were collected. Laborious fractional 
crystallisation from ethyl acetate [containing at first a few drops of light petroleum (b. p. 40 
60°)| gave acids, m. p. 133-—134° (lit., 135°) (1-2 g.) and 144? (lit., 145°) (O-1 g.) 

The acid, m. p. 133° (2-6 g.), with diazomethane in methanol-ether gave the ester (2-5 g.) 
whose 2 : 4-dinitrophenylhydrazone formed needles (from ethyl acetate), m. p, 169--170° (Found 
C, 59-2; H, 64. CygH,,O,N, requires C, 59-4; H, 63%). The other acid (0-2 g.) gave the 
methyl ester 2: 4-dinitrophenylhydrazone, cubes (from ethyl! acetate), m. p. 163--164° (Found 
C, 59-2; H, 65%). The mixed m. p. of the two derivatives was 150-——155”. 

Methyl «a-(7-acetoxy-2:3:4:5:6: 10-hexahydvo-8 : 10-dimethyl-2-naphthyl)propionate (V) 
The former of the above methyl esters (2 g.) was refluxed with acetic anhydride (10 ¢.c.) and 
acetyl chloride (10 c.c.) for 6 hr. in nitrogen, giving the enol-acetate (1-8 g.), b. p. 155°/0-2 mm. 
(Found: C, 70-3; H, 82. Cy gH,,O, requires C, 70-5; H, 84%) 

1 : 2-Dihydrosantonin D. ‘To the enol acetate (1-5 g.) in ether (5 c.c.) at 0° was added 0-814n- 
ethereal monoperphthalic acid (13 c.c.), and the mixture was kept at 0° for 48 hr., most of the 
acid being consumed. The solution was washed with cold 10% sodium carbonate solution, 

* Abe, Harukawa, Ishikawa, Miki, Toki, Sumi, and Toha, Proc. Japan Acad, 1964, 30, 116, 119; 

{. Matsui, Toki, Kitamura, Suzuki, and Hamuro, Bull. Chem. Soc. Japan, 1954, 27,7 

* Turner, Anliker, Helbling, Meier, and Heusser, Helv. Chim. Acta, 1955, 38, 413 

* Cf. Annual Reports, 1954, §1, 208. 
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then with water, dried (Na,SO,), and evaporated, finally in a vacuum, The pasty residue 
(ca, | g.) was refluxed with potassium carbonate (0-8 g.) in methanol (40 c.c.) and water (8 c.c.) 
for 30 min. under nitrogen, cooled, and acidified with acetic acid (1 c.c.), and methanol was 
distilled off atl14mm. Adding water (20 c.c.) gave an oil which was extracted with ether. The 
aqueous layer was made more acid with acetic acid (0-5c.c.) and again extracted. The combined 
extracts were washed with water, dried (Na,SO,), and evaporated. The oil (ca. 0-8 g.) obtained 
Wii pt in ethyl acetate containing a few drops of light petroleum (b. p. 40-—60°) at 0°. The 
dihydrosantonin (0-22 g.; m. p. 134°) which separated, when crystallised from ethyl acetate, 
had m. p, 136-~-136°, >,,,, 245 my (log ¢ 3-9 in EtOH) (Found: C, 72-3; H, 82. Calc. for 
Cy gHO,: C, 72°56; H, 8-0%) 

untonin D (1X) lo a solution of the | : 2-dihydrosantonin (0-5 g.) in ether (70 c.c.) was 
added bromine (0-24 g.) in acetic acid (2 c.c.). The monobromo-derivative slowly crystallised 
at 0° and formed needles, m. p. 175° (decomp.), from methanol. When mixed with an authentic 
sample of the bromo-derivative, m, p. 179° (decomp.), it melted at 176° (decomp.). The derivative 
0-42.) and collidine (1-5 ¢.c.) were refluxed for 30 min. in nitrogen, then poured into ice-cold 
dilute sulphuric acid, The solid which separated was extracted with ether, washed with water, 
and dried (Na,SO,). On evaporation, crystals separated which on recrystallisation from 
methanol melted at 189° (lit., 190°) alone or mixed with santonin D and had d,,,,, 248 my (log 
e4-1lin EtOH) (Found; C, 72-8; H,7-2. Calc, forC,,H,,O,: C, 73-1; H, 73%). 


hanks are recorded to Dr, Abe for a sample of santonin D and for comparing the bromo 
derivative Analyses were carried out by Mrs, Chhabi Dutta at the microchemical laboratory 
of the University College of Science, Calcutta, and infrared curves were measured by Dr. N. K 
Bhattacharyya at Iowa State College. Thanks are also recorded for gifts of chemicals from 
the Last India Pharmaceutical Works Ltd., Calcutta 
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967. Lactones. Part IV.* A New Preparation of 
7-Ethoxy-6-methoxyphthalide. 
By W. R. Locan and G. T. NEwsBo_p 
DuRiInG examination of the feasibility of By, phthalide fission,! meconin (I) was found, on 
reaction with ethyl sodiomalonate, ethyl sodioacetoacetate, or ethanolic sodium ethoxide 
to give 7-cthoxy-6-methoxyphthalide * (II) which has been prepared by ethylation of 
7-hydroxy-6-methoxyphthalide.*+* The structure of the last compound has now been 
confirmed by infrared measurement, thus establishing rigidly that of the ether (II) (cf. 
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refs. 2 and 4 Chloromethylation of the phthalide (II) gave the derivative (III) identical 
with that prepared © from 2-ethoxy-3-methoxybenzoic acid. The phthalide (II) has been 
characterised by conversion into 2-ethoxy-6-hydroxymethyl-3-methoxybenzhydrazide and 
by reduction with lithium aluminium hydride to 3-ethoxy-4-methoxyphthalyl alcohol 
2-cthoxy-3 : 4-di(hydroxymethyl)-1-methoxybenzene}. 


E-xperimental,—7-Ethoxy-6-methoxyphthalide. (a) Meconin (3-0 g.) was heated under reflux 
with ethyl! sodiomalonate in ethanol [from ethyl malonate (4:96 g., 2 mols.), sodium (0-71 g.), 
and ethanol (25c.c.)} for 17 hr. The solution was concentrated under reduced pressure to 12 c.c., 
an equal volume of water added, and the precipitated oil (2-4 g.), which rapidly solidified, was 
separated. Crystallisation from aqueous ethanol gave 7-ethoxy-6-methoxyphthalide (2-0 g.) 


* Part IIT, /., 1956, 3608. 
' Cf. Wislicenus, Annalen, 1886 233, 102 
Rodionow, Kanewskaja, and Davankoff, Ber., 1933, 66, B, 1623 
Bowman, Ber., 1887, 20, 890 
qs path and Burger, Ber., 1926, 59, 1486 
* Manske and Ledingham, Canad. /]. Res., 1944, 22, B,"115 
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as needles, m. p. 66—67-5° (Found: C, 63-9; H, 59. Cale. for C,,H,yO,: C, 63-45; H, 
58%). Light absorption in EtOH: Max, at 2150 (e 27,000) and 3090 (¢ 4500); inflexion at 
2400 A (e 7200); infrared bands in Nujol mull at 1754 (CO stretching frequency) and 1592 cm.~! 
(benzene ring) The same product (2-1 g.), m. p. and mixed m. p. 66-—67°, was obtained by 
using ethyl acetoacetate (4-03 g.) in place of ethyl malonate. The compound was undepressed 
in m. p. when mixed with 7-ethoxy-6-methoxyphthalide, m. p. 65-5—-66° (lit.,? m. p. 68—69”") 
obtained by ethylation of 7-hydroxy-6-methoxyphthalide which had light absorption in EtOH ; 
Max. at 2190 (e 23,000) and 3120 (e 3800) and inflexion at 2350-2400 A (e 6500) and strong 
infrared bands at 1751 (in CCl,) and 1739 cm.* (in CHC1,) (CO stretching frequency) consistent 
with the structure assigned * (we are indebted to Mr. J. F. Grove and Dr. L. A. Duneanson for 
this determination). The compound gives an indigo-blue ferric chloride colour in aqueous 
ethanol. 

(b) A solution of meconin (3-0 g.) in ethanol (25 c.c.) containing sodium ethoxide from sodium 
(0-71 g.) was refluxed for 20 hr., then concentrated, diluted with water, and extracted with ether; 
removal of the ether gave a negligible residue. The aqueous phase was acidified with hydro 
chloric acid (Congo-red) and extracted with ether [he dried (Na,SO,) ethereal extract on 
evaporation gave an amber oil (2-95 g.) which was extracted with boiling light petroleum 
(b. p. 60—80°) (5 x 30c.c.). The combined extracts were concentrated and the solid which 
slowly separated was repeatedly crystallised from light petroleum (b. p. 60-—-80°) to give 
7-ethoxy-6-methoxyphthalide (1-0 g.) as needles, m. p. and mixed m. p. 6667-5" (Found : 
C, 63-8; H, 60%). 7-Ethoxy-6-methoxyphthalide was unaffected by prolonged treatment 
under reflux with methanolic sodium methoxide 

4-Chloromethyl-7-ethoxy-6-methoxyphthalide, 7-E-thoxy-6-methoxyphthalide (250 mg.) was 
chloromethylated as described for meconin.? Evaporation of the chloroform extract gave a 
gum (0-28 g.) which rapidly solidified. A solution of the gum in benzene (25 c.c.) was passed 
through a column of Grade II alumina (3 x 1:5 cm.), the eluate and benzene washings (1265 c.c.) 
were evaporated, and the residue was five times crystallised from benzene-light petroleum 
(b. p. 60—-80°) and sublimed at 100°/10* mm., to give 4-chloromethyl-7-ethoxy-6-methoxy 
phthalide, m. p. 128—129-5 (lit., 130°) alone or mixed with a specimen prepared from 2-ethoxy 
3-methoxybenzoic acid * (Found: C, 56-5; H, 5-25. Cale, forC,,H,,O,Cl: C, 5615; H, 51%). 

2-E:thoxy-6-hydroxymethyl-3-methoxybenshydrande 7-Ethoxy-6-methoxyphthalide (150 mg.) 
was refluxed with 90% hydrazine hydrate solution (5 c.c.) and ethanol (10 c.c.) for 4 hr rhe 
mixture was concentrated under reduced pressure, then diluted with water, and the product 
isolated by using chloroform. Crystallisation from benzene-light petroleum (b. p. 60-——80°) gave 
the hydrazide (45 mg.) as needles, m. p. 149-5—150-5° (Found: C, 549; H, 66. C,,H ON, 
requires C, 55-0; H, 67%). Light absorption in EtOH; Max. at 2100 (e 23,000) and 2840 
(e 2500), inflexions at 2325 (e 13,000) and 3050 A (e 1600) 

3-Ethoxy-4-methoxyphthalyl alcohol, 7-E-thoxy-6-methoxyphthalide (250 mg.) was reduced 
with lithium aluminium hydride as described for m-meconin.* The diol (120 mg.) separated 
from benzene—light petroleum (b. p. 40—60°) as felted needles, m. p. 64-—65° depressed to 
50—59° when mixed with starting material (found C, 62-2; H, C,,H,,O, requires 
C, 62-25; H, 76%). Light absorption in EtOH: Max, at 2000 (€ 18,500), 2240 (e 7800), and 


2820 A (e 2000). 


) 
o-@ 


THe Rovat TecunicaL CoLitece, GLAsGow [Heceived, June 12th, 1956.) 


* Duncanson, Grove, and Zealley, J., 1953, 1331 
Brown and Newbold, /., 1962, 4878 
* Blair, Logan, and Newbold, /., 1956, 3608 


968. Spectra of Transition-metal Complexes of the Type 
{Co(NH,),X }**. 
By J. S. Grirrirn and L. E. OrGe. 


DATA are available on the spectra of a number of complexes of the cobaltic ion of the type 


Co(NH,),X}?", ¢.g., where X I, Br, Cl, or F.4 These complexes are of the diamagnetic, 
spin-paired type. Here we correct and extend the results of a previous publication.* 
We discuss the spectra first on the assumption that the complexes have regular octahedral 


1 Linhard and Weigel, Z. anorg. Chem., 1951, 266, 49 
5 Orgel, J , 1952, 4766. 
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ymmetry, and then consider, as a tetragonal perturbation, the effect of the departure from 

it. In the former case the d orbitals split into two kinds, a lower t,, orbital triplet and an 
upper ¢, doublet. The ground state of the complex is represented by (tz,)* 'Ay, and the 
longest-wavelength spin-allowed absorptions arise from transitions to the singlets of the 
configuration (t,,)°(e,)*. Group-theoretical arguments show that the latter singlets give 
rise to two triply degenerate states ‘Ty, and 'T,,. The energies can be worked out in 
terms of atomic spectral parameters, In previous work one of us* has used Racah’s 
parameters A, B, C, and the other * the Slater-Condon parameters Fo, Fy, Fy, so, for 
convenience of reference, we give the energies, relative to a suitable zero, here in terms of 
both 


E | (toy)® *Aqg) = 156A — 30B 4 15C 5F, — 30F, — 60F, 


2y (1) 


E{(ty))®(e,)* 1199] = 156A — 14B + 14¢ 


l 
(to,) (e,)! 1] ly) L5A 30B 4+ 14C +A 15k, 30K, O5F, : 10Dq ' 
A 14F, — 175F, + 10Dgq | 


15k, 
where A 10)q is the energy difference between the orbitals 4, and e, 

It is seen that the separation between 'T,, and 'T,, is 168 = 16F — 80F, and this, 
therefore, should be the separation between the two longest-wavelength intense absorption 
bands of octahedral cobaltic complexes. Experimentally, the separation is about 
4500) cm. ', whilst the value predicted by our theory is about twice as much. It is possible, 
of course, that the assignment of the bands is wrong and that the shorter-wavelength 
absorption band is due to a singlet from (t,,)*(e,)*. Calculations indicate, however, that 
this is much less likely. The reason for the bad numerical agreement may be due partly to 


Effect of tetragonal perturbation on the d orbital 


the approximations of the theory and partly to a reduction in the values of the atomi 
pectral parameters in forming the complex (cf. Owen °), 

[n an earlier paper by one of us* the energy differences in terms of Slater-Condon 
parameters between the 'Ty, and the '7g, state of Co®’ were stated to be equal to that 
between the corresponding states of 7, and 7, of Cr°". he latter was given correctly 
as 12/, — 60/,, and is in fact only three-quarters of the separation for Co**. Also the 
relative order of the Ty, and 7, levels is inverted in passing from Cr** to Co**, 

We now pass on to the effect of a tetragonal distortion, to a first order in the perburb- 
ation. We suppose the ligand X to lie along the Z axis and have the d orbital splitting 
shown in the Figure, where d,_, lies above dy because the effect of halogens on the d orbitals 
is less than that of NH,.® One may expect d,, to lie below (d,,,4,,) because m interaction 
with the filled shells of halogens (especially for Cl, Br, or 1) destabilizes the latter 

Then we write (a — b) to represent that singlet function of (tg,)°(e,) in which there 
is one electron taken from the orbital of a of tg, and put in the orbital 6 of ¢,. The matrix 
of electrostatic energy is then 


M = (15A + 14C)I — 2KB = (15F, — 245F,)1 — 2K(F, —5F,) . (2) 


* Griffiths, J. Inorg. Nucl. Chem., 1956, 2, 1, 229 
* Orgel, /. Chem. Phys., 1955, 23, 1819 

Owen, Proc. Roy. Soc., 1955, A, 227, 183 
* Orgel, /. Chem. Phys., 19566, 23, 1004 
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where J is the unit matrix and 
K 
b(dyn—ds)  Wlda-eds) (dy de) | b(dy—ede_) b(da-tdg_yp) b(da-ed.»_,*) 
b(d,. > d,s) 13 0 2/3 
bid, ede 0 
y dy > ds 


b(dy,—wds_y 
(di, da_,) 
7 dd,» ds yY 


From (2) the zero-order wave-functions are easily seen to be 
4 3yh(d,, — dy) + dyb(dy, — dp y) 
1V Bde — dp) + W(den — dey 
¢ (dy —® dyp_y) 


jib(dy, —® dy) + 4-V/3y(d,, —> a y') 
by) (der — dp) + 4V 3b(dx —w dp_y) | © Ta (5) 
(4,4 —® d) 

Application of the tetragonal perturbation to these functions now gives (#8 + =) and 
(j3 — x) as the respective splittings of the two levels ‘7, and #7. In a previous paper * 
it was incorrectly stated that the upper excited state is not split to a first order in perturb 
ation. If, however, our choice of positive signs for 8 and x are correct, it is still true that 
the lower excited state is split more than the upper one. Furthermore, for the lower 
excited states the doublet should indeed be lower than the singlet in accord with the 
intensity measurements of Linhard and Weigel.! Provided that 38 > x, the reverse is 
true for the upper states. 
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969. 2-Acyl Derivatives of Cyclic 1: 3-Diones. Part IV.* 
The Structure of Dehydroleptospermone. 
By W. R. Cuan and C, H. HASsALL, 


It has been shown ! that pyrolysis of the crude product of bromination of leptospermone 
(I) leads to dehydroleptospermone, Cy,HggO,. The same compound may be prepared by 
dehydrobromination of monobromoleptospermone with collidine or with fused potassium 
acetate in methanol. Some interest attaches to the structure of dehydroleptospermone in 
view of early proposals, which have, however, been refuted recently,” that natural products 
such as flavaspidic acid * and protokosin * contain dehydro-2-acyleyclohexane-I : 3-dione 
units in their molecular constitution. 

Dehydroleptospermone does not behave like a 2-acyleyclohexane-1 : 3-dione, It is 
insoluble in alkali carbonates, does not form a chloroform-soluble copper derivative, and 
gives no colour with ferric chloride solution. The ultraviolet absorption spectrum has 
maxima at 231 (e 11,000) and 260 my (e 11,800) while 2-acyleyclohexane-| : 3-diones 
regularly ® have maxima near 230 and 280 my. Acetylation of dehydroleptospermone 


* Part III, Chan and Hassall, /., 1956, 3495 


' Briggs, Hassall, and Short, J., 1945, 706 
* Birch, J/., 1951, 3026; Birch and Todd, /., 1952, 3102 
* Boehm, Annalen, 1903, 320, 310 
* Hems and Todd, /., 1937, 562 
Chan and Hassall, /., 1956, 3495 
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gives a monoacetate with a single ultraviolet absorption maximum at 267 my (¢ 6100). A 
comparison of the infrared absorption spectrum of this compound with that of dehydro- 
leptospermone suggests that it is an enol acetate. This evidence indicates that dehydro- 


leptospermone may have the constitution (11) or ([V). To distinguish these possibilitie 


CMe, Me,C fe) Me,C C 
s™ A757 ~ “ 4 
Oc c-OH OCs * 6c ” aGHR Oc CMe, 
| i {| | I 
Me,C. C-CcoBu! Me,C? ,!1C——CO MeO. Sw UCH, 
co co oo ce 
(1) (HM). R = Pr’ (IV) 
(Uy: R =H 


the dehydrobromination of the monobromo-derivative of 6-acetyl-2 : 2 : 4: 4-tetramethyl- 
cyclohexane-L: 3: 5-trione has been studied. The product of the reaction, which | 
formulated as 3:3: 5: 5-tetramethyl-7-oxabicyclo[4 : 3: O)non-1(6)ene-2 : 4: 9-trione (III), 
has properties very similar to those of dehydroleptospermone. The ultraviolet absorption 
pectra of the two compounds have similar maxima. The infrared absorption spectra have 
corresponding maxima in the carbonyl! and double-bond region 1800-1450 cm.~!, and are 
in agreement with the constitutions (11) and (III) which are proposed. The close similarity 
of absorption spectra would not be expected if the dehydro-derivatives of leptospermone 
and 6-acetyl-2: 2:4: 4-tetramethylcyclohexane-1 : 3: 5-trione have the structures (IV) 
and (III) respectively. This indicates that dehydroleptospermone should be assigned the 
constitution (11) 


Experimental Light petroleum refers to the fraction of b p. 60—80°. 

Ultraviolet spectra were determined for methanol solutions with a Beckman spectrophoto 
meter, model Dt 

Dehydvoleptospermone (3:3: 5: 5-tetramethyl-8-isopropyl-7-oxabicyclol[4 : 3 : O|jnon-1(6)-enc 
2:4: 9-trione). A solution of leptospermone (5-0 g.) and bromine (3-5 g.) in chloroform (5 c.c.) 
was set aside for 5 days. Kromine and solvent were then removed in vacuo, The oily residue 
did not crystallise. Attempts to distil it at 0-3 mm. led to decomposition, The active bromine 
in this residue was estimated by using potassium iodide and sodium thiosulphate (Found: Br, 
25-7 Calc. for ¢ rfl, ,O,Br Br, 23-2%) 

When the residue was heated at atmospheric pressure for 4 hr, at 130-—140° there was con 
siderable evolution of hydrogen bromide, and a solid was obtained This was recrystallised 
from ethyl acetate and light petroleum to give a poor yield of dehydroleptospermone, white 
needles, m. p, 125-—130° [Found : C, 68-4; H, 7-7%; M (cryoscopic in camphor), 248. Cal 
for CysllyO,: C, 682; H, 76%; M, 264). It gave no colour with tetranitromethane or ferric 
chloride A higher yield was obtained when the residue from the bromination reaction was 
refluxed with y-collidine (15 ¢.c,) for 1} hr. The solid obtained by pouring the mixture into 
excess of dilute hydrochloric acid was collected after 12 br., washed successively with 3n- 
hydrochloric acid (100 c.c.), 10% sodium carbonate solution (100 c.c.), and water (300 c.c.), 
then chromatographed on acid-washed alumina. ‘The material eluted with benzene (3-7 g 
m,. p. 110--114°) was recrystallised repeatedly from light petroleurn, to yield white needles, 
identical with the previous product by m. p., mixed m, p., and ultraviolet absorption. 

Alternatively, the residue from the bromination (310 mg.), fused potassium acetate (135 
mg.), and methanol (10 ¢.c.) were refluxed for 2hr. Water (25c.c.) was added to the residue after 
removal of the methanol, and the mixture acidified with hydrochioric acid to give a white 
solid (167 mg.) affording delydroleptospermone on recrystallisation from light petroleum, The 
acetate was obtained by refluxing dehydroleptospermone (102 mg.) with 5c.c. of acetic anhydride 
acetyl chloride (4: 1 v/v) for 24 hr It recrystallised from light petroleum as large cubes, m. p 
04—095° (Found: C, 67-4; H, 7-3; Ac, 16-6. C,,H,,O, requires C, 66-7; H, 7-2; lAc, 141%), 
267 mu (e 6100) It gave a yellow colour with tetranitromethane 


/ 

ms leetyl-2: 2: 4: 4-tetramethylcyclohexane-1: 3: 5-irione. This compound was prepared 
according to the directions of Ried! and Risse.* It was obtained from the fraction soluble in 
potassium hydrogen carbonate, by steam-distillation, as long needles, m. p, 35-5-—36°, d,,,,. 23 
and 277 my (¢ 8500 and 10,500 respectively). The piperonylidene derivative recrystallised from 


Ried! and Risse, Annalen, 1954, §85, 209 
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methanol as yellow plates, m. p. 153—154° (Found: C, 676; H, 56. C,,H,,O, requires C, 
67-4; H, 57%) 

3:3:5: 5-Tetramethyl-7-cxabicyclo[4 : 3: O\non-1(6)-ene-2: 4: 9-trione (IIT). The triketone 
(615 mg.) and bromine (397 mg.) in chloroform (3 c.c.) were kept for 20 hr, at room temperature 
After removal of the solvent, the oily product (832 mg.) was mixed with dry methanol (20 ¢.c.) 
and fused potassium acetate (410 mg.). After 1 hour's refluxing on a water-bath the methanol 


was distilled off and water (100 ¢.c.) added. The aqueous solution was extracted with ether 


(4 x 50 c.c.). The semi-liquid residue obtained after evaporation of ether from the combined 
extracts was triturated with ether (2 x 3 c.c.), to give a relatively insoluble product which 
recrystallised from methanol as white needles (166 mg.), m. p. 173-—175° [Found : C, 65-4; H, 
6-3; M (Rast), 228. C,,H,,O, requires C, 64-9; H, 635%; M, 222), 4,,,,. 232 and 260 mp 
(ec 10,000 and 11,400 respectively). The compound gave no colour with tetranitromethane, 
The acetate, prepared as described for dehydroleptospermone, crystallised as needles (from light 
petroleum), m. p. 100—-101° (Found: C, 63-6; H, 61; Ac, 169. C,,H,,O, requires C, 63-6; 
H, 61; LAc, 16°3%), Ama, 263 my (e 6000), It gave a yellow colour with tetranitromethane. 

Infrared absorption spectra, The infrared spectra were determined in potassium bromide 
pellets by Dr. S. M. Nagy, Massachusetts Institute of Technology, using a Baird Associates 
instrument rhe principal bands observed between 4000 and 1400 cm,.~! were as follows (s 
strong, m medium, w weak, sh shoulder) 

Dehydroleptospermone : 3310 w, 3150 w, 2900 m, 2860 m, 1724 s, 1695 s, 1650 m, 1587 s, 
1473 s, 1425s 

Compound (III): 3310 m, 2900 m, 2860 m, 1724 s, 1695 s, 1645 s, 1587 s, 1470 s, 1425 s, 
1404 m 

Dehydroleptospermone acetate : 3310 w, 2900 m, 1754 m, 1709 m, 1667 s, 1592 m, 1462 m, 
1450 sh 

Enol acetate of (IIT): 3310 w, 2874 m, 1739 s, 1700 m, 1660 s, 1603 m, 1550 w, 1470 m, 
1450 m 


One of us (W. R. C.) acknowledges with thanks the award of a Geddes Grant Kesearch 
Fellowship and a grant from Messrs. Roche Products Ltd 
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970. 3-Hydrorythiophen. 
By M. C. Forp and DonaLp Mackay. 


UntiL recently neither of the monohydroxythiophens was known, 2-Hydroxythiophen, 
however, has been obtained * pure (cf. Mentzer and Billet '), but in low yield, from the 
mixture of magnesium complexes formed by the action of oxygen, at 0—5°, on ethereal 
2-thienylmagnesium bromide in the presence of tsepropylmagnesium bromide. It was a 
low-melting solid with a non-phenolic odour; two non-phenolic tautomers, 2 | 3-dihydro 
and 2: 5-dihydro-2-oxothiophen, are possible, indeed the infrared spectrum of a carbon 
tetrachloride solution exhibited a strong carbonyl! band but only weak hydroxyl absorption, 
and, in addition to O-acyl derivatives, a benzylidene derivative could be prepared. 

Ihe similar oxidation of 3-thienylmagnesium bromide was stated to yield a crude material 
that could not be purified, though qualitative tests showed it to contain phenolic material 
Other possible routes to 3-hydroxythiophen (1) do not seem to have been explored. 


a — ae 


As an authentic specimen was needed the Grignard method was re-examined: the 
production of a crude phenolic material was confirmed, and two distillations gave the pure 
hydroxythiophen, which was, however, unstable, developing a reddish tinge and a disagree- 
able odour within a day, and finally resinifying 


' Mentzer and Billet, Bull. Soc. chim. France, 1945, 292 
* Hurd and Kreuz, J. Amer, Chem. Soc., 1950, 72, 5543 


(1) (if) 
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The spectrum of a liquid film (A) in the range 4000—1500 cm.“ exhibits a broad band 
centred at 3300 cm. characteristic of a hydrogen-bonded phenolic hydroxyl group, whilst 
the triple peak (1665, 1644, and 1630 cm.~*), which is of a very similar intensity, shows the 
presence of the af-unsaturated carbonyl system; hydrogen-bonding of the carbonyl group 
may perhaps account for the complexity of the band. In the spectra (B and C) of 
increasingly dilute carbon tetrachloride solutions the shoulder originally present at 
3585 cm. + emerges as a separate peak at 3600 cm."!, indicating a progressive increase in 
the proportion of free hydroxyl group. There is a marked accompanying increase in the 
relative intensity of the unsaturated carbonyl band, together with a displacement of its 
maximum towards higher frequencies (see Figure) 
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[he absorption characteristic of an unsaturated carbonyl group clearly establishes the 
presence of the tautomeric 2 : 3-dihydro-3-oxothiophen (II) in the liquid and in solutions. 
Ihe changes in the relative intensities of the carbonyl and hydroxyl bands suggest a 
shifting of equilibrium in favour of the oxo-form with increasing dilution, though a 
difference between the transition moments for the free and the hydrogen-bonded carbonyl 
group could also be responsible for this effect, However, the strength of the hydroxyl 
band in the spectrum of the liquid film, and the odour, suggest that the pure substance 
must be phenolic to a comparable extent. . 

Ihere is thus a marked contrast between 2-hydroxythiophen which probably exists, 
not unexpectedly, largely in a ketonic form (indeed the crystalline solid may be in 
reality 2: 5-dihydro-2-oxothiophen) and 3-hydroxythiophen which, though also tauto- 
meric, is nevertheless noticeably phenolic. 


Lexperimental \ solution of ethyl bromide (18-5 g.) and 3-bromothiophen * (b. p. 157 
58-5°/769 mm.; 37-0 x.) in ether (150 ml.) was added to a briskly reacting mixture of ethyl 
bromide (18-5 ¢.), magnesium (13-7 g.), and ether (200 ml.) in such a way that the vigour of the 
orginal reaction was maintained; the whole was then refluxed for 18 hr. in nitrogen A 
solution of tsopropylmagnesium bromide [from isopropyl bromide (35-0 g.), magnesium (7-0 g.), 
and ether (100 ml.)} was added, the mixture was cooled to — 10°, and dry oxygen was passed, 
the temperature being maintained below 5°, When absorption of the gas had ceased the 
product was set aside at 5° for 20 hr. and then poured on powdered solid carbon dioxide, After 


* Hartough, Thiophene and its Derivatives,” Interscience, New York, 1952, p. 499 
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addition of a slight excess of chilled 2n-sulphuric acid the ether layer was separated, and the 
aqueous layer saturated with salt and further extracted. The ethereal solutions were combined 
and, after a preliminary washing with 2n-potassium hydrogen carbonate, extracted with 5n 
sodium hydroxide. The alkaline solution was immediately acidified with ice-cold 2n-sulphuric 
acid and the liberated phenolic material then taken up in ether 

Removal of the solvent under reduced pressure from the dried (MgSO,) solution gave an 
almost black product (2-2 g.) which was first stored (5° /400 mm.) over phosphoric oxide and then 
distilled from glass wool: a pale yellow liquid, b. p. 38-—-39°/0-01 mm., was obtained, which 
when redistilled under nitrogen at 0-02 mm. (bath >> 80°) yielded the unstable 3-hydroxythiophen 
5%) as an almost colourless, slightly viscous, oil with a phenolic odour (Found: C, 47-1; H, 
4-3. C,H,OS requires C, 48-0; H, 4:0%). The analytical and infrared results were obtained 
within 2 hr. of the final distillation, during which time the deterioration of a reference sample 
was almost imperceptible. 

With aqueous ferric chloride the hydroxythiophen gave an intensely red colour, and with 
diazotised aniline in presence of alkali, a dark red precipitate 

The benzoate, prepared under Schotten-Baumann conditions, was obtained as irregular 
prisms, m. p. 40°, from light petroleum (b. p, 30—40°) (Found: C, 64-7; H, 42; S, lb-4, 
C,,H,O,5 requires C, 64-7; H, 3-95; S, 15-7%) : its m. p. was strongly depressed by admixture 
with the isomeric 2-thienyl benzoate,’ m. p. 44°, a liquid being formed at room temperature; the 
3: 5-dinitrobenzoate, prepared in pyridine solution and recrystallised from methanol, formed 
minute, faintly yellow, prisms, m, p. 150° (Found: C, 45-1; H, 2-3. C,,H,O,N,S requires 
C, 44-9; H, 21%). The phenylearbamate was prepared in the absence of a solvent and in the 
cold, a trace of pyridine being used as catalyst; recrystallised from light petroleum (b. p. 70 
80°) it gave felted needles, m. p. 120° (Found; C, 60-3; H, 44; N, 61. C,,H,O,NS requires 
C, 60-25; H, 41; N, 64%). The derivatives all appeared to be stable indefinitely 

3-Bromothiophen (20 g.) was recovered from the ethereal solution of alkali-insoluble 
material 


Grateful acknowledgment is made to Dr. D. C. McKean with whom the infrared results 
were discussed. One of us (D. M.) also thanks the Carnegie Trust for the Universities of 
Scotland for a scholarship, and the Murdo Macaulay Trust for a grant 
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971. The Fission of Alkyl Allyl Ethers by Boron Trichloride. 
By W. GERRARD, M. F. Laprert, and H. B. SILver. 


EXPERIMENTS with boron trichloride and mixed dialkyl or alkyl aryl ethers have indicated 
that, in general, ether fission occurs readily and that the nature of the products depends 
on the proportions in which the reagents are mixed {see schemes (1) and (2)}. 


(1) ROR’ + BCI, —m RO-BCI, + R’CI 
(2) 2ROR’ + BCI, ——» (RO),B-Ci + 2R’CI 


Moreover, it has been shown that the alkyl chloride is produced exclusively from the more 
electron-releasing (IX’) of the two groups and that the mechanism of the fission is of the 
Syl type.! 

We have described the fission of diallyl, di-2-methylallyl, and allyl 2-methylallyl 
ethers ? and now report results obtained with allyl butyl (n-, sec.-, and fert.-) and allyl 
propyl (m- and iso-) ethers. The purpose of the investigation was partly that the results 
are of interest per se, but also to determine the degree of electron-release of the allyl group 
relative to these saturated alkyl groups. We believe that the fission of mixed ethers by 
boron trichloride provides a general method of determining relative electron-release of 
hydrocarbon radicals. 

Reaction (2) was employed except in the allyl n-butyl ether system, because dichloro- 
boronites, RO-BC1,, particularly those wherein RK «= a sec.- or tert.-alkyl or an allyl group, 


' Gerrard and Lappert, J., 1961, 1020; 1952, 1486; Edwards, Gerrard, and Lappert, J., in the 
press 
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are unstable,+* Whilst the corresponding chloroboronates, (RO),B-Cl, are likewise 
unstable, * their manner of decomposition is known [see scheme (3)|, and therefore permits 
the fate of the group R to be traced by isolation and identification of the borate, B(OR),. 


(3) 3(RO),8-Cl —» 3RCI + B,O, + B(OR), 


rhe experiments show that the primary alkyl allyl ethers give allyl chloride and the 
primary alkoxyboron chloride, whereas the sec.- or tert.-alkyl allyl ethers produce the 
reverse mode of fission, We conclude, therefore, that the electron-releasing power of the 
allyl group is intermediate between that of primary and secondary alkyl groups. This 
view is supported by Vernon’s measurements of first-order rate coefficients for the solvolysis 
of ally! and n-propyl chloride.6 Our earlier experiments on allylic systems had also 
indicated that the reactivity of the allyl group is greater than that of a primary alky] group. 


lL xpevimental.—Generai procedures have been described before.* The allyl propyl ethers 
were prepared by a Williamson synthesis from the appropriate sodium propoxide and ally! 
bromide rhe allyl butyl ethers were obtained by the method of Talley, Hunter, and 
Yanovsky,.* 

Allyl n-butyl ether. The ether (4-98 g., 1 mol.) in n-pentane (10 c.c.) was added (20 min.) to 
boron trichloride (5-67 g., 1-1 mol.) in m-pentane (10 ¢.c.) at — 80°. An orange-red lower layer 
separated, but at 20° the mixture was homogeneous. After 2 hr. at 20°/15 mm., n-buty! 
dichloroboronite (5-81 g., 90%) remained as a pale brown, liquid residue, having b, p. 29°/9 mm., 


nt! 1-4158 (Found; Cl, 45-2; B,7-0. Cale. for C,H,OCI,B: Cl, 45:8; B, 7-0%). 


Illyl sec-butyl ether. The ether (11-50 g., 2 mols.) in n-pentane (15 c.c.) was added (20 min.) 
to the trichloride (5-90 g., 1 mol.) in m-pentane at 80°, whereupon a yellow lower layer 
eparated Matter volatile at 20°/15 mm. was removed by suction (1 hr.). A non-volatile 


residue (7-47 g.) remained This was heated (1 hr.) at 140° under reflux, the outlet of the 
condenser being connected to a cold (—80°) trap. A condensate of crude allyl chloride (2-05 g.), 
b. p, 42--46°/760 mm., n#? 1.4105, was collected, leaving a residue (4-98 g.), which afforded 
trially! borate (2-06 g., 91%), b. p. 72°/10mm., nf? 1-4285 (Found: b, 6-0. Cale. for ¢ oH1,,0,B : 


4, 6-95° and a residue of boron trioxide (1-075 g., 93%) on distillation 
illyl tert.-butyl ether, The ether (691 g., 2 mols.) was slowly added to the trichloride 
355 g., 1 mol.) at 80°, in the absence of solvent. A pale orange solution was formed. 


I. vacuation at 20°/18 mm, yielded crude fert.-butyl chloride (3-56 g., 64%), b. p. 50°/730 mm., 
n° 13805 (Pound; Cl (all hydrolysable in the cold, characteristic of fert,-butyl, but not allyl 
chloride), 36-8, Cale. for C,H,Cl: Cl, 384%). The residue (6-70 g.), after being heated (3 hr.) 
under reflux at 110°, afforded a condensate (2:93 g.), collected at 80°, which was a mixture of 
tert-butyl! and allyl chloride, b. p. 46—48°/760 mm., nf? 1-4025 (Found; easily hydrolysable 
Cl, 21-3; total Cl, 42-0%), and trially! borate (1-45 g., 79%), b. p. 70°/12 mm. (Found: B, 5-8%). 

Allyl n-propyl ether The ether (5-94 g., 2 mols.) in m-pentane (10 ¢.c.) was added dropwise 
20 min.) to the trichloride (3-48 g., 1 mol.) in m-pentane (5 c.c.) at —80°. A yellow lower layer 
eparated; at 20° the mixture appeared homogeneous and was a deep orange colour, Evacu 
ation at 20°/15 mm, afforded a liquid condensate (5-04 g.), which on distillation gave di-n 
propyl chloroboronate (4:10 g., 84%), b. p. 38-5°/6 mm., ni? 1-4036 (Found: Cl, 22-0; B, 67 
Cale, for C,H,,0,CIB; C!, 22-0; B, 67%) 

illyl isopropyl ether. The ether (7-51 g., 2 mols.) was added to the trichloride (4-40 g., 
1 mol.) in m-pentane (15 c.c.) at —80°. A white solid was formed, but disappeared when the 
addition had been completed lo the mixture at 80° was added ferric chloride (0-05 g.), to 
facilitate decomposition of the chloroboronate,* and the product was warmed to 20°, Matter 
volatile at 20°/18 mm. was removed by suction and the residue (3-16 g.) was distilled, to afford 


trially! borate (1-67 g., 74%), b. p. 66°/13 mm., n? 1-4267 (Found: B, 60%), and a residue 


contaming boron trioxide (0-871 g., L00%,) 


Tue NorrTuern POLyTEecunic, 
Hottoway Roap, Lonpon, N.7 (Recewed, July 10th, 1956.) 


Gerrard, Lappert, and Silver, /., 1956, 3285 
* Gerrard and Lappert, / , 1051, 2545; 1955, 3084 
* Lappert, /,, 1056, 1768 
* Vernon, /., 1964, 423 
* Talley, Hunter, and Yanovsky, /. Amer. Chem. Soc., 1951, 78, 3528. 
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are unstable,2+* Whilst the corresponding chloroboronates, (RO),B-Cl, are likewise 
unstable,* * their manner of decomposition is known [see scheme (3)|, and therefore permits 
the fate of the group R to be traced by isolation and identification of the borate, B(OR),. 
(3) 3(RO),B-Cl —» 3RCi + B,O, + B(OR), 
Ihe experiments show that the primary alkyl allyl ethers give allyl chloride and the 
wimary alkoxyboron chloride, whereas the sec.- or lert.-alkyl allyl ethers produce the 
verse mode of fission, We conclude, therefore, that the electron-releasing power of the 
allyl group is intermediate between that of primary and secondary alkyl groups. This 
view is supported by Vernon's measurements of first-order rate coefficients for the solvolysis 
of ally! and n-propyl chloride.6 Our earlier experiments on allylic systems had also 
indicated that the reactivity of the allyl group is greater than that of a primary alkyl group. 


' 
I 
" 
I 


l-xpevimental.—General procedures have been described before* The allyl propyl ethers 
were prepared by a Williamson synthesis from the appropriate sodium propoxide and allyl 
bro wnide Ihe allyl butyl ethers were obtained by the method of Talley, Hunter, and 
noveky.® 
1llyl n-butyl ether, The ether (4-98 g., 1 mol.) in m-pentane (10 c.c.) was added (20 min.) to 
boron trichloride (5-67 g., 1-1 mol.) in m-pentane (10 c.c.) at — 80°. An orange-red lower layer 
eparated, but at 20° the mixture was homogeneous After 2 hr. at 20°/15 mm., n-butyl 
dichloroboronite (5-81 g., 90%) remained as a pale brown, liquid residue, having b, p. 29°/9 mm., 
n®' 1.4158 (Found : Cl, 45-2; B, 7-0. Cale. for C,H,OCI,B: Cl, 45-8; B, 7-0%). 
Illyl sec.-butyl ether, The ether (11-50 y., 2 mols.) in n-pentane (15 c.c.) was added (20 min.) 
the trichloride (5-90 g., 1 mol.) in n-pentane at 80°, whereupon a yellow lower layer 
ted Matter volatile at 20°/15 mm. was removed by suction (1 bhr.). A non-volatile 
7:47 g.) remained his was heated (1 br.) at 140° under reflux, the outlet of the 
condenser being connected to a cold (— 80°) trap. A condensate of crude allyl chloride (2-05 g.), 
b. p. 42--46°/760 mm., nv 14105, was collected, leaving a residue (4°98 g.), which afforded 
trially!] borate (2-95 g., 91%), b. p. 72°/10 mm., nv 1-4285 (Found: b, 6-0. Cale. forC,H,,0O,b: 
, and a residue of boron trioxide (1-075 g., 93°%) on distillation 
tert.-butyl ether. The ether (6-91 g., 2 mols.) was slowly added to the trichloride 
1 mol.) at 80°, in the absence of solvent A pale orange solution was formed. 
icuation at 20°/18 mm. yielded crude fert.-butyl chloride (3-56 g., 64%), b. p. 50°/730 mm., 
n® 13805 [Pound ; Cl (all hydrolysable in the cold, characteristic of lert butyl, but not allyl 
chloride), 36-8, Cale. for CsH,Cl: Cl, 384%]. The residue (6-70 g.), after being heated (3 hr.) 
under reflux at 110°, afforded a condensate (2-93 g.), collected at 80°, which was a mixture of 
fert.-butyl and allyl chloride, b. p. 46—48°/760 mm., nw 1:4025 (Found: easily hydrolysable 
Cl, 21-3; total Cl, 42-0%), and triallyl borate (1-45 g., 79%), b. p. 70°/12 mm. (Found; Bb, 5-8%). 
Iilyl n-propyl ether The ether (5-94 g., 2 mols.) in n-pentane (10 c.c.) was added dropwise 
20 min.) to the trichloride (3-48 g., 1 mol.) in n-pentane (5 ¢.c.) at —80°. A yellow lower layet 
eparated; at 20° the mixture appeared homogeneous and was a deep orange colour. Evacu 
ation at 20°/15 mm, afforded a liquid condensate (5-04 g.), which on distillation gave di-n- 
propyl chloroboronate (4-10 g., 84%), b. p. 38-5°/6 mm., nf) 1-4036 (Found: Cl, 22-0; B, 67 
Calc, for CgH,,0,CIB: Cl, 22-0; B, 67%) 
Illyl isopropyl ether The ether (7-51 g., 2 mols.) was added to the trichloride (4-40 g., 
1 mol.) in n-pentane (15 c.c.) at 80°. A white solid was formed, but disappeared when the 
addition had been completed To the mixture at 80° was added ferric chloride (0-05 g.), to 
facilitate decomposition of the chloroboronate,* and the product was warmed to 20°. Matter 
volatile at 20°/18 mm. was removed by suction and the residue (3-16 g.) was distilled, to afford 
triallyl borate (1:67 g., 74%), b. p. 66°/13 mm., nf? 14267 (Found B, 60%), and a residue 


containing boron trioxide (0-871 g., LOOY,) 


Tue NorTuern POLyYTEcHNiIc, 


Hottoway Roap, Lonpon, N.7 Received, July 19th, 1956.) 


* Gerrard, Lappert, and Silver, /., 1956, 3285 
Gerrard and Lappert, / , 1061, 2545; 1955, 3084 
Lappert, / , 1056, 1768 
Vernon, /., 1954, 423 
lalley, Hunter, and Yanovsky, J. Amer. Chem. Soc., 1951, 78, 3528. 
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fluorenone. A bibliography will be supplied 
on application. 
lg 4/9 5g 17/3 10g 33/- 
Packages included 


THE BRITISH DRUG HOUSES LTD. 
B.D.H. LABORATORY CHEMICALS GROUP 


POOLE 


DORSET 


MHT/LC/S6ig 


(December, 1956 


Pawrep iv Gaeat Barrain sy Ricwanp Cray anp Company, Lrv., Buncay, Surroix. 


PROCEEDINGS 
OF THE 
CHEMICAL SOCIETY 


SCIENTIFIC MEETINGS DURING MARCH, 1956 
LONDON, 
Thursday, March 5th, 1956, at 6.30 p.m. 


Reception and Conversazione. To be held in the Science Museum, South Kensing- 
ton, S.W.7. (Further details will be circulated.) 


ABERDEEN, 


Friday, March l6th, 1956, at 7.30 p.m. 


Lecture, Distinguished Men of Science living in Britain in 1807-1808, by Dr. A. 
Clow, F.R.S.E. Joint Meeting with the Royal Institute of Chemistry and 
the Society of Chemical Industry, to be held at Marischal College. 


BIRMINGHAM, 
Friday, March 9th, 1956, al 4.30 p.m. 


Lecture, Some Recent Trends in the Synthesis of Coloured Substances, by Dr. H. T. 
Howard. Joint meeting with the University Chemical Society to be held in the 
Chemistry Department, The University. 


BRISTOL. 
Thursday, March, \st, 1956, at 5.15 p.m. 


Lecture, Tropylium, by Professor M. J. S. Dewar, M.A., D.Phil. Joint Meeting 
with the Student Chemical Society to be held in the Chemistry Department, 
The University. 


Thursday, March 8th, 1956, at 7.0 p.m. 
Lecture, Fuel Practice in Italy, by Professor C. Padovani. Joint Meeting with the 
Royal Institute of Chemistry, the Society of Chemical Industry, and the 
Institute of Fuel, to be held in the Chemistry Department, The University. 


Thursday, March 15th, 1956, at 5.15 p.m. 
Lecture, Some Recent Developments in the Chemistry of the Vitamins D, by Professor 
B. Lythgoe, M.A., Ph.D. Joint Meeting with the Student Chemical Society 
to be held in the Chemistry Department, The University. 


Thursday March 22nd, 1956, at 7.0 p.m. 

Lecture, Fluoreseence Analysis in Ultraviolet Light, by Mr. J. A. Radley, M.Sc., 
F.R.LC. Joint Meeting with the Royal Institute of Chemistry and the 
Society of Chemical Industry, to be held in the Chemistry Department, The 
University. 


CAMBRIDGE, 
Friday, March 2nd, 1956, at 8.30 p.m. 


Lecture, Some Recent Studies in the Fatty Acid Field, by Dr. B. C. L. Weedon, B.Sc., 
A.R.LC, Joint Meeting with the University Chemical Society to be held in 
the University Chemical Laboratory, Pembroke Street. 


EDINBURGH. 
lhursday, March \bth, 1956, at 7.30 p.m. 


Meeting for the Reading of Papers on The Application of New Techniques to Some 
Problems in Brewing, with contributions from Professor I, A, Preece, Mr. L. 
Fletcher, and Dr. J. O. Harris. To be held at the North British Station Hotel. 


Gl A SGOW ’ 
Friday, March 16th, 1956, at 7.15 p.m, 


Meeting for the Reading of Original Papers. To be held in the Chemistry Depart- 
ment, The University. 


HULL. 
Thursday, March \st, 1956, at 6 p.m. 


Lecture, Compounds of Lithium and their Use in Synthesis, by Professor E. A. 
Braude, D.Sc., F.R.LC., to be given in the Chemistry Department, The 
University. 


IRISH REPUBLIC, 
Friday, March 9th, 1956, at 7.45 p.m, 


Lecture, The Spontaneous Formation of Structure in Solutions of High Polymers, by 
Dr. C. Robinson, B.Sc., F.R.LC. Joint Meeting with the Werner Society to 
be held in the University Chemical Laboratory, Trinity College, Dublin. 


LEEDS, 
Monday, March 5th, 1956, at 6.30 p.m. 


Royal Institute of Chemistry Lecture, New Developments in Inorganic Chemistry, 
by Professor R. S. Nyholm, D.Sc., A.R.LC., to be given in the Chemistry 
Lecture Theatre, The University, (All Fellows are invited.) 


Tuesday, March 13th, 1956, at 6.30 p.m. 


Lecture, Tropyllum, by Professor M. J. S. Dewar, M.A., D.Phil. Joint Meeting 
with Leeds University Chemical Society to be held in the Chemistry Lecture 
Theatre, The University. 


LIVERPOOL, 
Thursday, March 22nd, 1966, at 5.0 p.m. 


Lecture, The Fructose Group of Polysaccharides, by Professor E. L. Hirst, F.R.S. 
Joint Meeting with the Royal Institute of Chemistry, the Society of Chemical 
Industry, the British Association of Chemists, and the University Chemical 
Society, to be held in the Chemistry Lecture Theatre, The University. 


NEWCASTLE AND DURHAM. 
Friday, March 2nd, 1956, at 4.0 p.m. 
Meeting for the Reading of Original Papers. To be held in the Chemistry Building, 
King’s College, Newcastle upon Tyne, |. 
NORTHERN IRELAND. 
Tuesday, March 13th, 1956, at 7.45 p.m. 


Meeting for the Reading of Original Papers. Joint Meeting with the Royal 
Institute of Chemistry and the Society of Chemical Industry, to be held at 
Queen's University, Belfast. 


Thursday, March 22nd, 1956, at 7.15 p.m, 


Lecture, Some Themes in Chemotherapy, by Dr. L. P. Walls, M.A. Joint Meeting 
with the Royal Institute of Chemistry and the Society of Chemistry, to be held 
at The Queen’s University, Belfast. 


NOTTINGHAM. 
Monday, March 5th, 1956, at 4.30 p.m, 


Lecture, Liquid Crystals, by Professor Brynmor Jones, Ph.D., Se.D., F.R.LC. 
Joint Meeting with University College of Leicester Chemical Society to be held 
at University College, Leicester. 

Monday, March 26th-Wednesday, March 28th, 1956. 


Anniversary Meetings—a full programme will be circulated. 


OXFORD, 
Monday, March 5th, 1956, at 8.15 p.m. 


Lecture, Solid Imperfections and Chemical Reactivity, by Dr. F. C. Tompkins, F.R.S. 
Joint Meeting with the Oxford University Alembic Club to be held in the 
Physical Chemistry Laboratory, South Parks Road, Oxford. 


ST. ANDREWS AND DUNDEE. 


Thursday, March 8th, 1956, at 5.0: p.m. 
Lecture, Chemical Engineering and its Place in the University, by Professor K. G. 
Denbigh, Ph.D., F.R.LC., to be given in the Chemistry Department, Queen's 
College, Dundee. 


SHEFFIELD. 
Thursday, March 8th, 1956, at 7.30 p.m. 


Lecture, Transitions in Ammonium Salts, by Mr. L. A. K. Staveley, M.A. Joint 
Meeting with the University Chemical Society to be held in the Chemistry 
Lecture Theatre, The University. 


SOUTHAMPTON. 


Friday, March 2nd, 1956, at 5.0 p.m. 


Lecture, Cationie Polymerisation, by Professor A. G. Evans, M.Se., Ph.D. Joint 
Meeting with Southampton University Chemical Society to be held in the 
Chemistry Department, The University. 


I'riday, March 16th, 1956, at 5.0 p.m. 


Lecture, Gas-phase Chromatography, by Dr. A. T. James. Joint Meeting with 
Southampton University Chemical Society to be held in the Chemistry Depart- 
ment, The University. 


Wednesday, March 2\st, 1956, at 7.0 p.m. 


Lecture, Some Recent Developments in the Chemistry of Free Radicals, by Professor 
D. H. Hey, D.Sc., F.R.LC., F.R.S. Joint Meeting with Portsmouth and 
District Chemical Society and the Royal Institute of Chemistry, to be held at 
the College of Technology, Anglesea Koad, Portsmouth. 


SOUTH WALES. 
Monday, March 5th, 1956, 5.30 p.m. 


Lecture, Melting and Crystal Structure, by Professor A. RK. Ubbelohde, M.A., D.Sc., 
F.R.S. To be given in the Department of Chemistry, University College, 
Cardiff. 


lriday, March 9th, 1956, at 5.30 p.m. 


Lecture, Some Recent Developments in the Chemistry of Free Radicals, by Professor 
D. H. Hey, D.Sc., F.R.LC., F.R.S. To be given in the Chemistry Department, 
University College, Swansea. 
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OFFICIAL ANNOUNCEMENTS 
DEATHS. 
The Council regrets to announce the deaths of the following Fellows : 
Elected. Died. 
Jack Eldred Brimley (East Didsbury) May 6th, 1948. uly 7th, 1954. 
Francis Hereward Burstall (Teddington) ......... Dec. 3rd, 1925, ec, 2nd, 1955. 
Sir Wilfred Russell Grimwade (Melbourne) Dec, 4th, 1902. Nov, 2nd, 1955. 
Wiliam Jay Hale (Michigan) May 2nd, 1918. 1955. 
Charles King (Glasgow) ats Dec, 2nd, 1925. Sept. 16th, 1955. 
Ralph William Ewart Stickings (Brentwood) Mar Ist, 1919. Dec. 3rd, 1955. 
Herbert Ernest Williams (Hyde) . Dee. 2nd, 1909. Nov. 15th, 1955. 
Robert Harding Williams (Hull) Dec. 3rd, 1025. Oct, 8th, 1955. 


CONGRATULATIONS. 
The President has conveyed the congratulations of the Society to Sir Cyril Hinshelwood 
on his election as President of the Royal Society. 
Congratulations have also been conveyed to the following Fellows who completed 60 
years of Fellowship on December 5th, 1955 : 
James Henderson (Dundee), 
Clarence Arthur Seyler (Leatherhead), 
and to the following who completed 50 years of Fellowship on December 7th, 1955 : 


Joseph Edward Coates (Swansea), 
Arthur Augustine Dallman (Doncaster). 
Herbert Drake Law (London, E.15). 


ELECTION OF NEW FELLOWS. 
The following 65 candidates were elected to the Fellowship on December 15th, 1056 : 


John Napier Andrews. 
Mehkeri K, Anwer. 
Edward McCollin Arnett. 
Bryan Webb Ashton. 
Andrew Balsillie. 

Derek Victor Banthorpe, 
Jeffrey John Batten. 
Peter Desmond Blundy, 
Sidney ae Branch. 
Leonard George Bray. 
Herbert Buchwald. 
James Robertson Burt. 
Henry Stowar Burton. 
David Trevor Bushman. 
Hugh Bernard Charman 
Peter Edward Curry. 
Michael Charles Dart. 
John Graham Dawber, 
Gabriel Paschal Fazi. 
Ramsis Gobran. 

Drago Grdenic, 


Francis Robert Frederick Hardy. 


Derek Harrison, 

Jan Thomas Harrison, 
Jeremy Robin Harrold. 
John Evan Hazell. 
Robert Enys Hichens, 
Hiroo Inokuchi. 
Herbert David Kaesz. 
Michael Kennedy. 
Gordon William Kirby. 
Robert Letters. 

John Stanley Little. 


John J, Lucier. 
Kenneth James Macleod, 
Hyman Dave Massin. 
— Newbould. 
’rimula Anne Newton-Hearn. 
David Nicholls, 
Peter Norton. 
Sidney Bertram Phillips, 
Geofirey Pilcher. 
Norman Edward Ransome, 
Edward Arthur Robinson, 
Andrzej Kozanski, 
Gopal As Savur, 
John Antony Schofield, 
Promode Prakash Shrivastav. 
Osamu Simamura. 
lrank Skuse, 
Brian Robson Smith. 
Peter Trafford Speakman. 
Sanae Tanaka. 
Brian Leslie Taylor. 
Malcolm ne Thompson, 
John Graham Tillett. 
gone Francis James Todd, 
eter Douglas Trethewey. 
Kenneth Holmes Turner, 
Douglas Hugh Watson, 
Peter Jaffrey Wheatley. 
Grosvenor Searles Wich. 
— Colin Williams. 
ees Wluka. 
Keith Henry Wood. 


MESEARCH FUND, 
The Council has approved the following grants from the Research Fund : 


£ 
Baker, W, (Bristol) 
Blair, J. A. preening Gold Coast) 
Kaborn, C. (Leicester 
Evans, A. G, (Cardiff 
Fowles, G. W, A. (Southampton) 
Greenwood, N,N. (Nottingham) 
Hough, L. (Bristol) 
i G. (Keele) 
<hundkar, M, H. (Pakistan) 
Kurzer, F. (London) .....4.....+++: peendseostnennestanniiiewaceddits 
Landor, S. R. (London) 
Millar, I. T. (Keele) pveuei 
Overend, W. G, (London) .........ccceceeerereees Secctteceversestsengs 
Paul, R. C. (India) 
Powell, D. B, (London) 
Raphael, K. A. (Belfast) 
Kottenberg, M. (Switzerland) 
Salmon, J, FE. (London) 
Stock, D. 1. (London) 
Stranks, D. R. (Leeds) 
Taylor, H, (Portsmouth) 
Thomson, 5. J. (Durham) 
Trotman-Dickenson, A, F. (Edinburgh) 
Voaden, D. J. (Oxford) 
Walsh, A. D, (Dundee) 
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CHANGES IN LIBRARY REGULATIONS. 


Changes in the regulations of the Chemical Society Library have been approved. The 
principal changes are as follows : 


1. The closing time for the period October to July will be 7.30 p.m. instead of 
f' p.m. (Saturdays 5 p.m.) 

2. The period of loan is reduced from one month to fourteen days, but can be 
extended upon request. 

%. All periodical material is now available for loan whether held in duplicate or 
not, subject to the discretion of the Librarian. 


A copy of the revised regulations may be obtained from the Librarian. 


MINUTES OF SCIENTIFIC MEETINGS 
Minutes of a 
SCIENTIFIC MEETING 


held at the Royal Institution, Albemarle Street, London, W.1, on Thursday, 
December 1st, 1955, at 7.30 p.m. 


Professor C, K. Ingold, D.Se., F.R.S., Vice-President, was in the Chair. 


MINUTES. 


The Minutes of the Scientific Meeting held at the Imperial College of Science and 
Technology on November 17th, were read, and were confirmed and signed. 


FORMAL ADMISSION OF FELLOWS. 

The following were admitted Fellows of the Society: E. W. R. Steacie, M. G. Ford, 
J. M. Batstone, E. A. Simpson, E. W. Hammond, R. C, B. Tomlinson, J. R. Young, M. A. 
Whitehead, S. W. Gilks, P. A. Bosanquet. 


LIVERSIDGE LECTURE. 

The Chairman called upon Dr. E. W. R. Steacie, O.B.E., M.Sc., F.R.S., to deliver the 
Liversidge Lecture entitled ‘‘ Reactions of Radicals in Gaseous Systems." At the con- 
clusion of the Lecture a vote of thanks to Dr. Steacie, proposed by Professor D. H. Hey, 
D.Sc., F.R.S, was carried with acclamation. 


Minutes of a 
SCIENTIFIC MEETING 
held at Burlington House, on Thursday, December 15th, 1955, at 7.30 p.m. 


The President, Professor W. Wardlaw, C.B.E., D.Sc., F.R.LC., was in the Chair. 


MINUTES. 


The Minutes of the Scientific Meeting held at the Royal Institution un Thursday, 
December Ist, 1955, were read, and were confirmed and signed, 


FORMAL ADMISSION OF FPELLOWS. 


The following were admitted Fellows of the Society: E. McLaughlin, L. E. Addy, 
A. A. Williams, G. A. Gamlen, P. F. Todd, J. M. C, Thompson. 


SCIENTIFIC COMMUNICATIONS. 
The following papers were read and discussed : 


“ Delocalised Metal-Carbon Bonds.” By L. E. Orgel. 


‘Complexes of Uncharged Aromatic Systems with Transition Metals and the 
Bonding Problem of Ferrocene and Similar Compounds.” By E. O. Fischer. 
(Techn. Hochschule, Mtinchen.) 


“ Ferrocene Derivatives. Part III. Ferrocene Dicarbonyl and Kelated Com- 
pounds.” By B. F. Hallam and P. L. Pauson. 


LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objection to the election of these candidates should communicate with the 
Honorary Secretary within ten days of the date of publication of the Journal for January. 1956, Such 
objections will be treated as confidential. The forms of application are available in the Library.) 


Adcock, Brian. British. 137, Pear Tree Crescent, Derby. Student at Queen's College, Oxford. Signed 
by: L. A. K. Staveley, J. W. Linnett. 

Andrews, Anthony Leonard. British. 31, High Street, Brighouse, Yorks. Undergraduate. Signed 
by: L. A. K. Staveley, R. J. P. Williams. 

Arnold, Richard Bentham, 8.Sc.(Nott.). British. Department of Chemistry, The University, Notting- 
bam, Research Student. Signed by: C. C, Addison, T. J. King. 

Barnden, Roy Leonard. British. 25, The Poynings, Richings Park, Iver, Bucks. Research and 
Development Chemist. Signed by: A. J. Krajkeman, A. Coenders. 

Barnes, Terence John. British. 57, Silver Lane, West Wickham, Kent. Student at Queen Mary 
College, London. Signed by: M. J. S. Dewar, R. F. Garwood. 

Chapman, Derek David, #.Sc. (Nott.), British. Chemistry Department, The University, Nottingham 
Research Student. Signed by: C. C. Addison, M. W. Partridge 
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Clayton, Jeffrey Colin, B.Sc. (Nott.). British. 48, Wymington Road, Rushden, Northants. Instructor 
Lieutenant, Royal Navy. Signed by: C, C, Addison, J. E. Davies. 

Cleaver, Brian. British. 138, Middlemore Road, Northfield, Birmingham, 31. Student at Magdalen 
College, Oxford. Signed by: L. A. K. Staveley, L. E. Sutton. 

Davies, Hugh Edryd Joshua. British. 9, Aldenham Road, Newton, Porthcawl, Glam. Undergraduate 
at brasenose College, Oxford. Signed by: J. A. Barltrop, L. A. K. Staveley. 

Durham, Lois Jean, 8S. (Calif.). American, Department of Chemistry, Stanford University, Stanford, 
California, U.S.A. Graduate Student, Teaching Assistant. Signed by: M. Look, H. Rapoport. 

Easton, Brian Colin, B.Sc. (Lond.). British. 171, Wickham Street, Welling, Kent. Research Student 
Signed by: H, Burton, M. K, Hargreaves. 

Gimblett, Frederick Gareth Robert, M.Sc. (Wales). British. Chemistry Department, Royal Aircraft 
Establishment, Farnborough, Hants. Research Chemist at the Ministry of Supply. Signed by: 
G. M. Bristow, E. J. P. Fear. 

Godwin, Michael Francis Harold. British. The Rectory, Heyshott, Midhurst, Sussex. Student at 
Nottingham University. Signed by: C. C. Addison, F. C, Laxton. 

Hall, Gordon Edwin, B.A. (Cantab.). British. 4, Cundails Road, Ware, Herts. Research Student at 
Cambridge University. Signed by; D. M. Brown, J. J. Wren. 

Handisyde, Jill. ritish. St. Wilfreds, Shootersway Lane, Berkhamsted, Herts. Undergraduate at 
Oxtord University. Signed by: L. A. K. Staveley, M. L. Tomlinson. 

Hanson, James Ralph. British. 31, Station Road, New Barnet, Herts. Student. Signed by: L.A. K. 
Staveley, J. A. Barltrop. 

Harwood, Geoffrey Ellis. [ritish. 24, Winchester Drive, Pinner, Middlesex. Student at Southampton 
University. Signed by; N. B. Chapman, E. A. S, Cavell. 

Hell, Anna Elisabeth. British. 3, Eldon Grove, London, N.W.3. Student at Somerville College, 
Oxford, Signed by; L. A. K. Staveley, R. E. Richards. 

Higson, Helen Margaret, B.A. (Cantab.). UHritish. 13, Kagworth Place, Norton, Stockton-on-Tees. 
Kesearch Chemist with Sheil Research, Ltd. Signed by: J. Yates, F. H. Newth. 

Hollander, Jerome, 8.A. (New York). American, Chemistry Department, University of North 
Carolina, Chapel Hill, North Carolina, U.S.A. Graduate Student Signed by: J. F. Bunnett, 
Db. B. Bright 

Hollinghurst, Ralph, Hritish. Keble College, Oxford. Student. Signed by: L. A. K. Staveley 
G. D, Parkes 

Hurdman, Gillian Iris Mary. British. 37, Vicarage Road, Yardley, Birmingham, 33. Undergraduate 
at St. Hilda's College, Oxford. Signed by: L. A. K. Staveley, M. L. Tomlinson. 

Jackson, Colin, 4.Sc. (Dunelm). British. 17, Bideford Gardens, Low Fell, Gateshead, 9, Co. Durham 
Research Student Signed by: G. A. Swan, H. Marsh. 

Jones, John Royston, B.Sc, (Wales), A.R.I.C. British. Bristol House, Cefn Road, Blackwood, Mon- 
mouthshire. Research Student at Cardiff University. Signed by: J. W. Bayles, N. Thorne. 
Jones, Raymond Arthur. Hritish. 21, Haddon Grove, Sidcup, Kent. Analytical Chemisty. Signed 

by: J. Rh. Barr, H, Green, 

Khin, Aung, 13.Sc. (Lond.), B.Sc. (Rangoon). Burmese. 14, Aungthabye Street, Sangyaung, Rangoon, 
Burma. Student. Signed by; A. 1. Vogel, G. H. Jeffery. 

Kubota, Takashi, )r.Sc. (Osaka). Japanese. c/o The Institute of Polytechnics, Osaka City University, 
12 Minami-Ogimachi, Kitaku, Osaka, Japan, Professor of Organic Chemistry, Signed by 
S. Murahashi, T, Sakan. 

Mallett, Kenneth George. Lritish. 35, Hunter's Lane, Richmond, Sheffield, 13. Undergraduate at 
Queen's College, Oxford. Signed by: L. A. K. Staveley, J. W. Linnett. 

Mayuranathan, Puthamkurichi Subramanyaiyer, A. and M.Sc. (Madras). Indian. Maharaja's 
College, Ernakulam, S. India. Professor of Chemistry. Signed by: K. Venkataraman, C. K 
Ingold 

Mee, Alec, 13.Sc, (Liv.). British. Tweenways, Beckintch Lane, Belper, Derbyshire. Demonstrator at 
Liverpool University, Signed by; W. B. Whalley, A. McGookin. 

Mester, Laszlo, |). Chem.Eng. (Budapest Tech. Univ.), Hungarian, Krisztina krt. 45, Budapest [., 
Hungary. Lecturer and Assistant Professor at the Techn. Univ. Budapest. Signed by: J. Kovacs, 
Z. Foldi 

Miller, John Alfred. British. 468, London Road, Davenham, Nr. Northwich, Cheshire. Student at 
Hull University. Signed by; G. W. Gray, K. Clarke. 

Mulay, Laxman N., M.Sc. and Ph.D. (Bombay), A.R.LC. Indian. Department of Chemistry, Harvard 
University, 12, Oxford Street, Cambridge 38, Massachusetts, U.S.A. Research Fellow. Signed by: 
RK. E. Glick, F. G. A, Stone 

Nakamichi, Masumi, 1.5. (Illinois). American. 428, North Noble Street, Chicago 22, Illinois, U.S.A. 
Graduate Student at the University of Illinois, Signed by: R. Daniels, L. Bauer. 

Norton, Albert, M.A. and B.Sc. (Oxon.), F.R.L.C, British. Rowntree and Co, Ltd., The Cocoa Works, 
York. Manager, Products Research and Development Department. Signed by: E, E. Wells, 
I’, S. Dainton 

Otter, Raymond James, B.Sc. (Reading). British. 22, Warwick Road, Reading, Berks, Research 
Student at Reading University. Signed by: C. L. Leese, J. E. Prue. 

Peel, Mervyn Evan, MSc. (Lond.), British. 45, St. Margarets, Stanstead Abbotts, Nr. Ware, Herts. 
Research Chemist with Allen and Hanbury’s Ltd., Ware. Signed by: E. P, Taylor, J. H. Hunt. 
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Perriman, Rodney John. British. 38, Featherby Koad, Gillingham, Kent. Student at Southampton 
University. Signed by: N. B, Chapman, E. A. 5S. Cavell. 

Pitches, Marion Doreen. British. 17, Northcote Avenue, Ealing, London, W.5. Student. Signed by: 
W. J. Hickinbottom, D. M. Grove. 
Potter, David John Bretton, B.Sc. (Reading), British. 28, Balmore Drive, Caversham, Reading, Berks 
Postgraduate Research Student at Reading University. Signed by: C. L. Leese, J. E. Prue. 
Rogers, Terence Edward. British. 15, Shaftesbury Road, Southsea, Hants. Student at Queen Mary 
College, London, Signed by: R. F. Garwood, D. M. Grove 

Roth, Barbara, M.S. and Ph.D. (Northwestern). American. The Wellcome Research Laboratories, 
Tuckahoe 7, New York, U.S.A. Senior Research Chemist. Signed by: P. B. Russell, G. B. Elion, 
G. H. Hitchings. 

Rothery, Edward Joseph, B.Sc. (U.C.D.). Irish. 109, Thomas Street, Dublin. Assistant Distiller, 
John Power and Son, Ltd. Signed by: P. F. Devitt, J. E. Gowan 

Ryan, Adrian John, B.Sc. (Sydney). British. Flat 1, 65, Fletcher Street, Bondi, N.S.W., Australia. 
Teaching Fellow. Signed by: A. J. Birch, R. J. W. Le Feévre, A. V. Robertson 

Scott, John James, M.A. (Cantab.). Ph.D. (Lond.). British. Department of Chemical Pathology, St 
Mary's Hospital Medical School, Paddington, London, W.2. Kesearch Worker and Lecturer. 
Signed by: A. Neuberger, C, E. Dalgliesh. 

» Leonard Harold. British. 15, Canonbury Lane, Islington, London, N.1. Student at Queen 

Mary College, London. Signed by: M. J. S. Dewar, R. F. Garwood 

Sklarz, Benjamin. British. 36, Amhurst Park, London, N.16. Student. Signed by; F. G. Mann, 
A. G, Sharpe. 

Spainhour, James Dudley, 8.5. (N. Carolina). American, 3206, Crestwood Lane, Glenview, Ilinois, 
U.S.A. Graduate Student at Northwestern University. Signed by: F. G. Bordwell, FP, Basolo, 

Stone, James Bryan, B.Sc. (Lond.). British. 30, Wilson Avenue, Summit, Heywood, Lancs, Research 
Student at Queen Mary College, London. Signed by: M. F. Ansell, R. PF. Garwood 

Tapping, Kenneth George. British. 39, Maidcroft Koad, Cowley, Oxford. Student at Oxford Univer- 
sity. Signed by: L. A. K. Staveley, A. S. Bailey. 

Trotter, James, B.Sc. (Glas.). British. 32, Banavie Road, Glasgow, W.1. Assistant Lecturer. Signed 
by: D.S. Payne, J. C. Speakman, 

Varma, Jyoti Prasad, M.Sc. (Luck.), A.R.I.C. Indian. National Chemical Laboratory, Poona-8, India 
Research Chemist. Signed by: G. I, Finch, RK. C. Shah 

Vredenburgh, Walter Anthony, M.A. (Wisconsin). American. 854, Terry Place, Madison 5, Wisconsin, 
U.S.A. Research Assistant at the University of Wisconsin. Signed by: W. S. Johnson, S, M. 
McEIvain. 

Waghorn, Michael John, A.R.I.C. British. 14, Wexham Road, Slough, Bucks. Research Chemist 
with L.C.I, Paints Division, Slough. Signed by: H. Brunner, D. J. Walbridge 

Walker, Derek, B.Sc. (Lond.), Ph.D. (Leeds), A.R.1L.C. British. 55, County Koad South, Willerby 
Koad, Hull, Yorks. Research Chemist at the United Kingdom Atomic Energy Authority. Signed 
by: G. 1, Gregory, A. J. S. Sorrie. 

Wijesekera, Rahula Oliver Barnes, B.Sc. (Ceylon), A.R.I.C. Ceylonese. Department of Chemistry, 
The University, Sheffield, 10. Research Student. Signed by: |. Grimshaw, P. L. Pauson 

Wise, David Victor, B.Sc. (Lond.). British. 180, Skipton Koad, Keighley, Yorks. Research Student 
at Queen Mary College, London, Signed by: M. F. Ansell, R. F. Garwood 

Wooldridge, John Raymond, B.A. (Cantab.). ritish. Bentley Hyde, Priory Drive, Stanmore, Middle- 
sex. Research Student at Birkbeck College, London. Signed by: W. G. Overend, C. W. Rees 

Zayed, Salah Mohamed Abdel Dayem, M.Sc. (Cairo). Egyptian. Chemistry Department, Faculty of 
Science, Cairo University, Giza, Egypt. Demonstrator, Signed by; M. L. Ali, M. Kamel. 


UNDER SPECIAL PROVISION APPERTAINING TO CANDIDATES RESIDENT ABROAD. 


Agarwal, Om Prakash, M.Sc. (Allahabad), B.T. (Bombay). Indian. Mahmud School, Raub, Pahang, 
Malaya. Senior Science Master, Signed by: R. A. Robinson. 

Blum, Dieter Wolfgang, Dipl. Chem. (Heidelberg), German. Mundenheimerstr. 168, (22b) Ludwig- 
shafen a.Kh., Germany. Chemist. Signed by: R. Kuhn 

Nery, Raghoonandan, B.Sc. (Muhlenberg), Ph.D. (Lond.), A.R.1¢ British. George Herbert Jones 
Laboratory, Rm. 322, University of Chicago, Chicago 37, Illinois, U.S.A. Post-doctoral Research. 
Signed by: V. A. Williams. 

Seymour, Keith Morton, M.S. and Ph.D. (Washington), American. Butler University, Indianapolis 7, 
Indiana, U.S.A. Professor and Head of Department of Chemistry. Signed by; A. H. Fiske. 
Venkaji, Krishnaswamy, M.A. and M.Sc. (Annamalai). Indian. Salt Test Laboratory, Tondiarpet, 

Madras 21, India. Chemical Assistant. Signed by: V. Baliah 
Zifferero, Maurizio, Dr. Chem. (Rome). Italian. Istituto di Chimica Parmaceutica dell’ Universita, 
Rome, Italy. Assistant in pharmaceutical chemistry. Signed by: G. Giacomello. 
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PAPERS ACCEPTED 


(List of Papers accepted between November 28th, 1955, and December 5th, 1955, 
for publication in the Journal.) 


“ Aliphatic hydroxylamines. Part II. Autoxidation.” By Davin H. Jounson, 
M. A. THoro_p Rocers, and G. TRAPPE. 

The synthesis of 5-pyrimidinyl sulphides and disulphides. Part 11.” By G. R. 
Barker and Nypia G, Lutny. 

“ Mechanism of substitution at a saturated carbon atom. Part L. Kinetic effects of 
pheny! and halogen substituents in alkyl halides on their reactions with halide ions in 
acetone.”” By P. B. D. pz LA Mare and E. D. HuGcues. 

Mechanism of substitution at a saturated carbon atom. Part LI. ortho-Effects in 
solvolysis of arylalkyl! halides, illustrating steric retardation in a unimolecular substitution.” 
By J. C. Cuariton and E, D, Hucues, 

‘ Mechanism of substitution at a saturated carbon atom. Part LII, Polar and steric 
ortho-eflects in bimolecular Finkelstein substitutions of arylalkyl halides.” By J. C. 
CuarLtTon and E, D, HuGHEs, 

“ Conductometric studies in ketonic solvents. Part II. Water in ketones.” By 
5, R. C. Hucues. 

Organic fluorine compounds, Part VI. The enolates of alkyl fluoroacetates.” By 
Ernst D, BERGMANN and 5, SZINAI. 

‘Organic fluorine compounds, Part VII. The Perkin and similar reactions with 
fluoroacetic acid.” By Exnst D. BERGMANN and Jose SCHWARCZ. 

The oxidation of hydrocarbons and their derivatives. Part I. The observation of 
the progress of the reaction by pressure change and by analysis.’’ By B. I. Parsons and 
C. J. Dansy. 

The oxidation of hydrocarbons and their derivatives. Part Il. Structural effects in 
the ester series.” By B. 1, Parsons and Sir Cyrit HinsnEeLwoop. 

‘ The oxidation of hydrocarbons and their derivatives. Part II]. The réle of inter- 
mediates.” By B. I. Parsons. 

Tracer studies on ester hydrolysis. Part III. The alkaline hydrolysis of phenyl 
benzoate.” By C, A. Bunton and D, N. SpatcHer. 

The ammonolysis of methyl 2: 3-anhydro-p-furanosides. Part II]. Methyl 2: 3- 
anhydro-5-O-methyl-a- and -§-p-lyxofuranosides.””. By J. M. ANperson and ELizaberu 
PERCIVAI 

The allomerization of chlorophyll.” By L. G, Jounsron and W. F. Watson. 

‘The thermal decomposition of octadeuterocyclobutane and octatluoroeyclobutane.”’ 
By B. F. Gray and H. O. Prirenarp. 

‘* Long-range effects in alicyclic systems. Part I. The rates of rearrangement of some 
steroidal dibromides,”” By D, H. R. Barton and A, J, HEAv. 

‘ Kinetic studies in the phosphinyl chloride and phosphorochloridate series. Part V. 
Evidence for a one-stage mechanism in the hydrolysis of diethyl phosphorochloridate.”’ 
By I. Dostrovsky and M. HALMANN. 

‘Some new tropine derivatives.” By R. Foster and H. R. Ine. 
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ADDITIONS TO THE LIBRARY 


The item marked with an asterisk (*) is for reference only. 


Brame, J. S. S., and Kine, J. G. Fuel: 
solid, liquid, and gaseous. 5th edn, 1955. 
Edward Arnold. 50s. 

Britton, H. T. S. Hydrogen ions; their 
determination and importance in pure and 
industrial chemistry. 4thedn, Vol. 1. 1955. 
Chapman and Hall, 70s. 

Burns, R. M., and BraApLEy, W. W. 
Protective coatings for metals, 2nd edn, 
1955. (American Chemical Society Mono- 
graph Series, No. 129.) Reinhold. 96s, 

DANIELS, F., and ALBERTY, R. A. Physi- 
cal chemistry. 1955. Wiley. 52s. 

*Ferris, S. W. Handbook of hydro- 
carbons. 1955. Academic Press, 68s. 

Fieck, H. R. Synthetic drugs: a hand- 
book for chemists, physicians, and pharmacists. 
1955. Cleaver-Hume, 70s. 

FRANCIS, W. Boiler house and power 
station chemistry. 3rdedn. 1955. Edward 
Arnold. 50s. 

13TH INTERNATIONAL CONGRESS OF PURE 
AND APPLIED CHEMISTRY. Stockholm, 1953. 
Abstracts of papers. 1953, Almquist & 
Wiksell. 45s. 

Lees, H. 
bacteria. 1955. 


Biochemistry of autotrophic 
Butterworths, 21s. 

(Eds.) 
(American Chemical 
1955. 


Li, K. C., and Counc Yu WANG. 


Tungsten. 3rd edn. 
Society Monograph Series, No, 94.) 
Reinhold. 112s. 


Linsteap, R. P., Exvince, J. A., and 
WHALLEY, M. A course in modern techniques 
of organic chemistry. 1955. Butterworths. 
25s. 

LowE, B. 
chemical and physical standpoint. 
1955. Wiley. 60s. 

Proceedings of the 6th meeting of the 
International Committee of Electrochemical 
Thermodynamics and Kinetics, Poitiers, 1954. 
1955. Butterworths. 84s. 

The Roger symposium, 
Wiley. 30s, 

SCHMIDT, 
chemistry. 7th edn, 


Experimental cookery from the 
4th edn, 


Adams 1955, 
text-book of organic 
(Revised and edited by 
N.Campbeli.) 1955, Oliverand Boyd, 35s, 


SocreTy FOR EXPERIMENTAL Bro.ocy. 
Fibrous proteins and their biological signific- 
ance, (Symposia of the Society for Experi- 
mental Biology, No. 9.) 1955. Cambridge 
Univ. Pr, 

(Presented by A. L. Bacharach.) 

STANDING COMMITTEE ON COMBUSTION 
SYMPOSIA. Fifth symposium (international) 
on combustion; combustion in engines and 
combustion kinetics. 1955. Reinhold. 108s. 

Townes, C. H., and ScHawtow, A. L. 
Microwave spectroscopy. 1955, McGraw- 
Hill. 84s, 
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Leeds, 
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Newcastle and 
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North Wales. 
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REPRESENTATIVES OF THE CHEMICAL SOCIETY 


R. H. Thomson, Ph.D., F.R.1.C., Chemistry Department, The University, Old 
Aberdeen. 

Dr. K. H. Pausacker, Chemistry Department, University of Melbourne, 
Carlton, N.3, Victoria, Aeceraild. ad 

J. C. Tatlow, B.Sc., Ph.D., Department of Chemistry, The University, 
Edgbaston, Birmingham, 15. 

P. Woodward, B.Sc., Ph.D., Chemistry Department, The University, 
Woodland Road, Bristol, 

R. N, Haszeldine, B,Sc., M.A., Ph.D., University Chemical Laboratory, Pem- 
broke Street, Cambridge. 

Professor J. K. N. Jones, M.Sc., Ph.D., A.R.LC., Queen’s University, 
Kingston, Ontario. 

M. U. S. Sultanbawa, B.Sc., Ph.D., A.R.1.C., Department of Chemistry, 
The University, Colombo, Ceylon. 

G, O. py He , B.Sc., Ph.D., Chemistry Department, King’s Buildings, West 

Mains Road, Edinburgh. 

K. Schofield, B.Sc., Ph.D., F.R.LC., Department of Chemistry, The 
University, Exeter. 

D. S. Payne, B.Sc., Ph.D., A.R.1.C. Chemistry Department, The University, 
Glasgow, W.2. ” 

G, W. Gray, B.Sc, Ph.D., Chemistry Department, The University, Hull. 

Professor T. R. Seshadri, M.A., Ph.D., F.R.1.C., Department of Chemistry, 
The University, Delhi, India. 

D. O Tuama, M.Sc., Ph.D., F.I.C.1., Medical Research Council of Ireland, 
The Laboratories, Trinity College, Dublin. 

E, Rothstein, Ph.D., D.Sc., A.R.C.S., Organic Chemistry Department, The 
University, Leeds, 2. 

A. K. Holliday, B.Sc., Ph.D., > eR of Physical and Inorganic Chem- 
istry, The University, Liverpool. 

D. W. Broad, Ph.D., A.R.1L.C., Imperial Chemical Industries Limited, 
Research Department, Widnes Laboratory, Widnes, 

G. R. Barker, B.Sc., Ph.D., Chemistry Department, The University, 
Manchester, 13. 

A. C, Farthing, M.A., B.Sc., Imperial Chemical Industries Limited, Hexagon 
Honse, Blackley, Manchester, 9. 

G. A. Swan, D.Sc., Ph.D., F.R.1.C,, Department of Chemistry, King’s 
College, Newcastle-on-Tyne, 1. 

Professor S. N. Slater, M.Sc., D.Phil., A.R.LC., Chemistry Department, 
Victoria University College, Wellington, New Zealand. 

R. G. R. Bacon, PhD., A.R.C.S,, Chemistry Department, 
University, Belfast. 

J. E. McKail, Ph.D., Department of Chemistry, University College of North 
Wales, Bangor. 

C, C, Addison, D.Sc., Ph.D., F.R.".C., Chemistry Department, The University, 
University Park, Nottingham. 

L. A. K. Staveley, M.A., Inorganic Chemistry Laboratory, South Parks 
Road, Oxford. 

M. I. D. Chughtai, M.Sc.Tech., Ph.D., A.R.LC., Punjab University Institute 
of Chemistry, The Mall, Lahore, Pakistan. 
Horrex, M.Sc., Ph.D., Chemistry 

St. Andrews. 

H. J. V. Tyrrell, M.A., B.Se., Chemistry Department, The University, 
Sheffield, 10. 

Professor F. L. Warren, Ph.D., F.R.LC., Department of Chemistry, 
University of Natal, P.O. Box 375, Pietermaritzburg, South Africa. 

N. B. Chapman, M.A., Ph.D., Department of Chemistry, The University, 
Southampton. 

K, W. Sykes, M.A., B.Sc., D.Phil., Department of Chemistry, University 
College, Singleton Park, Swansea. 
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Cc. Department, The University, 
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PROCEEDINGS 
OF THE 
CHEMICAL SOCIETY 


ANNIVERSARY MEETINGS 


Monday, March 26th—Wednesday, March 28th, 1956, 


Full details of the Anniversary Meetings to be held in Nottingham have been issued 


as a separate notice. 


SCIENTIFIC MEETINGS DURING APRIL, 1956 
BRISTOL. 


Thursday, April 26th, 1956, at 5.15 p.m. 


Lecture, Magnetism and the Shape of Inorganic Molecules, by Professor R. S. 
Nyholm, D.Sc., A.R.LC. Joint Meeting with the Student Chemical Society, 
to be held in the Chemistry Department, The University. 


IRISH REPUBLIC, 
Wednesday, April 18th, 1956, at 7.45 p.m. 


Lecture, The Organisation of Intracellular Reactions, by Mr. F. Winder, M.Sc. To 
be given in the Chemistry Department, University College, Dublin. 


MANCHESTER. 
Thursday, April 19th, 1956, at 10.30 a.m. to 6.30 p.m. 


Symposium, Lubrication. Joint Meeting with the Institute of Petroleum, the Royal 
Institute of Chemistry, and the Society of Chemical Industry, to be held in the 
Large Chemistry Theatre, The University. 


NORTHERN IRELAND. 
Thursday, April 19th, 1956, at 7.45 p.m. 


Lecture, Adsorption by Porous Solids, by Professor D. H. Everett, M.B.E., M.A., 
D.Phil. Joint Meeting with the Royal Institute of Chemistry and the Society 
of Chemical Industry, to be held at The Queen’s University, Belfast. 


ST. ANDREWS AND DUNDEE. 
Friday, April 13th, 1956, at 5.15 p.m. 


Lecture, A New Chemistry, by Dr. R. N. Haszeldine, B.Sc. Joint Meeting with the 
University Chemical Society to be held in the Chemistry Department, St. 
Salvators College, St. Andrews. 


OFFICIAL ANNOUNCEMENTS 


DEATHS. 
The Council regrets to announce the deaths of the following Fellows : 
Elected. Died, 
David Runciman Boyd (Fordingbridge) 

(C, 19BE——B7). cosencctvscocccenvdsvcestecrssrsccsccseses Dec, 6th, 1894. Dec. 28th, 1955. 
James Lewis Howe (Lexington, Va.) —.......+00+6 Dec, 7th, 1882. Dec, 20th, 1955. 
James Howard Linday (Beeston) ............+0+++ une 17th, 1903. Dec. 12th, 1955. 
Michael Selleck (Egham) .........+sssscccseeseveeerees uly 15th, 1954. Dec. 15th, 1955. 
Frank Sherwood Taylor (Crowthorne) ............ ‘eb. 18th, 1926. Jan. Ist, 1956. 

CONGRATULATIONS, 


The President has conveyed the congratulations of the Society to the following Fellows 
whose names appeared in the New Year Honours List : 
DBE. 
Kathleen Lonsdale (London, W.C.1). 
C.B.E. 
Cecil Edwin Henry Bawn (Liverpool). 
ELECTION OF NEW FELLOWS. 
The following 81 candidates were elected Fellows of the Society on January 19th, 1956 : 


Douglas Einar Applequist. Richard James Mardell. 
Burton Lawrence Appleton, — Frederick Marten. 
poe Arthur Baldrey, akeshi Matsumoto, 

an Knowles Barben, Walter Maya. 

John Bolton Bird, Sydney Middleton. 
Sydney Kenneth Brownstein, ichael Charles Miller, 
Ernest E, Campaigne, Philip Molyneux. 

Gino Carrara, Ronald Haywood Moore, 
Eugene Anthony Cherniak, Terence Michael Moynehan. 
Arthur Kenji Cho, Masazimu Nakagawa. 
Basil James Frederick Christie. S, Neelakantan, 

David Cohen, — Dorothy Popkin. 
Graham Frederick Cox. Jennis Thornton Price. 
Harry Roscoe Cross, Robert Puckowski. 

John Edward Downes, Alan Trevor Radcliffe. 
John William Ducker, Svein Ramstad. 

Stanley Frederick Dyke. John Leslie Randall, 
Ronald Sydney Fielder, Gudipaty Sreenivas Rao, 
John Michael Foster, Peter John Richardson, 
Andre Goosen. Thomas Riley. 

Hylton Judith Grenville-Wells, Michael John Temple Robinson, 
Claibourne Eugene Griffin, Alan Rowland Rogers. 
Ronald James Gutteridge, Louis Herman Rombach. 
Anthony Richard Hands, Carol Kilbourne Sauers. 
Albert Montagu Harper. por ag Henry Scherrer, 
Frances Rose Harper. uis Herbert Schwartzman, 
Robert John High. Mohammad Shafiq. 
George Holzman, Dennis Sherman, 

Ray Clyde Houtz. Edwin Julian Sparrow. 
Minoru Imoto, Roy Neville Speake, 
William James Jackson. — Alfred Stone. 
Frank Llewellyn Jenkins. Robert Louis Stutz. 
Peter Kennedy, Noboru Sugiyama, 
Herbert Harold Keppler. George Sutherland Tait. 
Alan Hodgson Laird, Alan John Vosper, 
Sandra Ina Lamb. Helmut Weigel. 

Joseph Lionel Latham, Leslie Edward West. 
David Lavie, ohn Wilkinson. 

Joseph M, F, Leaper, Shou Yao Yeh. 

Derek Leaver, Yasuhide Yukawa, 


John William Lee. 
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ACTA METALLUAGICA. 


Fellows are reminded that they may subscribe to Acta Metallurgica at the privileged 
rate of {3 6s. per annum. Renewal subscriptions by Fellows of The Chemical Society for 
1956 may be sent direct to: The Secretary, The Institute of Metals, 4 Grosvenor Gardens, 
London, S.W.1. 

Subscriptions from Fellows who have not previously received this journal should, in 
the first instance, be sent to: The General Secretary, The Chemical Society, Burlington 
House, London, W.1. 

All orders, whether renewal or new subscriptions, should be accompanied by a remittance 
to cover the privileged subscription rate cf {3 6s. per annum. Cheques should be made 
payable to “ The Institute of Metals ” in all cases. 


PERKIN CENTENARY CELEBRATION. 
The discovery of the first synthetic dyestuff by William Perkin is to be celebrated by a 
Conference and social functions from 7th to 10th May, 1956. 

The Celebration is being sponsored by the Royal Society, the Chemical Society, the 
Society of Chemical Industry, the Society of Dyers and Colourists, the Royal Institute of 
Chemistry, and the Association of British Chemical Manufacturers. 

The General Secretary of the Centenary Committee is Mr. J. W. Nicholls, c/o The Society 
of Dyers and Colourists, 19 Piccadilly, Bradford 


MINUTES OF SCIENTIFIC MEETINGS 
Minutes of a 
SCIENTIFIC MEETING 


held in the Large Chemistry Lecture Theatre, Imperial College of Science and Technology, 
South Kensington, London, $.W.7, on Thursday, January 19th, 1956, at 7.30 p.m. 


The President, Proressor W. WARDLAW, C.B.E., D.Sc., F.R.L.C., was in the Chair. 


MINUTES. 


The Minutes of the Scientific Meeting held at Burlington House on December L5th, 
1955, were read, and were confirmed and signed. 


FORMAL ADMISSION OF FELLOWS. 


The following were admitted Fellows of the Society : Derek C. Burke, Gabriel P. Fazi, 
Neil R. Williams, Walter J. Le Quesne, John S. Nicholson, R. lan T. Cromartie, Enid Gillian 
Holmes, John S. Little, R. C. Sheppard, R. H. McDowell, Nathan C, Hindley, and Barbara 
M. G. Pratt. 


TILDEN LECTURE. 

The President called upon Dr. G. W. Kenner, M.Sc., to deliver the Tilden Lecture 
entitled “ Recent Progress in the Chemistry of Peptides.” At the conclusion of the 
Lecture, a vote of thanks to Dr. Kenner, proposed by the President, was carried with 
acclamation. 
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LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objection to the election of these candidates should communicate with the 


Honovary Secretary within ten days of the date of publication of the Journal for February, 1956. Such 
objections will be treated as confidential, The forms of application ave available in the Library.) 


Acton, Edward McIntosh, B.S. (Stanford). American. 382, Marlborough Street, Boston 15, Massachu 
setts, U.S.A Student at Massachusetts Institute of Technology. Signed by: A. C, Cope, H. O 
House 

Aghoramurthy, Krishna Sastri, §}.Sc. (Madras), M.Se. and Ph.D. (Delhi) 
Laboratory, South Parks Koad, Oxford. 1851 exhibition Sx 
H. Smith 

Augustine, Robert Leo, B.S. (Creighton), M.A. (Columbia) American 
Havemeyer Hall, Columbia University, New York, N.Y., U.S.A. 
kK, A. L. Wilson 

Baldwin, Brian Charles. [ritish, 70, Vanbrugh Park, BI 
M. J. S. Dewar, R. F. Garwood 

Banfield, James Edmund, M.Sc. and Ph.D. (Melbourne). British. 87, Rusden Street, Armidale, New 
South Wales, Australia. Lecturer, Signed by; N. V. Riggs, F. B. Dudley 

Barber, Michael. lritish 166, Lodge Lane, Hyde, Cheshire. Unde 
Oxford, Signed by; L. A. K. Staveley, J. W. Linnett 

Birt, Lindsay Michael, 8.Ag.Sc. and B.Sc. (Melbourne). Australian 


}. 


Indian. Dyson Perriss 
hola Signed by: L. A. K. Staveley, 


Department of Chemistry, 
tudent Signed by G, Stork, 


ackheath, S.E.3 Student Signed by; 


‘radu at Queen's College 


Department of Biochemistry, 


University of Melbourne, Victoria, Australia, Student Signed by KX. H. Pausacker, J. ¢ 
CTO 


Brain, Edward George, B.Sc. (Lond.). British. 4, Burton Road, J 
Signed by: A. B. Simmonds, I. L. Finar 

Braunholiz, John Theodore, M.A. and Vh.D. (Cantab.). Uritish, 38, Tyr 
Research Fellow at Trinity College Signed by: F. G. Mann, R. N. Haszeldine 

Bullock, Eric, 18.A. (Cantab.), British. 22, Woldcarr Road, Hull, Yorks. Research Student 
Nottingham University. Signed by; A. W. Johnson, W. E. Addison 

Cade, Joseph Anthony, B.Sc. and Ph.D. (Lond.). British. 27, Dog Kennel Lane, Langley, Old! 
tirmingham. Research Chemist. Signed by: H, Coates, W. Gerrard 

Cave, Robin John, B.A. (Oxon ) Dritish Worcester College, Oxford, Student Signed by; 1 
taveley, J. B. Leane. 

Conroy, Harold, 12.5. (M.L.T.), PhD. (Harvard American. Brandeis | 


ly 


~ndon, 5." earch Student 


inity et, Cambridge 


niversity, Waltham 54, 
Massachusetts, U.S.A. Assistant Professor. Signed by J. B. Hendrickson, J. H. Richards 


Couzens, Peter John, B.Sc. (Lond.), British. 34, Campbell Avenue, Ilford, lssex 
Signed by: L,. J. Couzens, M. J. S. Dewar 
Cross, Alexander Dennis, 1). Sc. and Ph.D. (Nott.) Lritish, 69, Genesee Park Boulevard, Rochester 1! 
fh A Research Vellow of the University of Rochester igned by DD. S. Tarbell, W 
Saunders 
Crump, John William, B.A. (Calif.) American 219, Noyes Laboratory, University of Illinois, Urbana, 
Illinois, U.S.A. Graduate Student igned by: D. Y. Curtin, R 
Dowbenko, Rostyslaw, Ph.I}. (Northwestern), American. Chemistry Department, Northwestern 
University, Evanston, Illinois, U.S.A. Graduate Student. Signed by: H,. L. Dryden, F. G 
Bordwell 
Duell, Michael John. British. Fairholme, Renton 
Signed by; A, J. B. Robertson, V. Gold 
Earl, Nicholas John. British. 23, Marion Cresent, Maidstone, Kent 
Oxford, Signed by; L. A. K. Staveley, E. J. Bowen 
Edwin, Elisha Eliagzer, 13:A. (Madras), M.Sc. (Lond.) Indian 103, King Charles Road, Surbiton, 
Surrey Research Chemist Signed by; P. Mamalis, D. McHale, B. W 
Elliott, Keith, B.Sc. (Lond British. 221, Charlbury 
Signed by: C. A. Bartram, N. C, Knight 
Erskine, Richard Leslie, 13.Sc. (Lond.), A.R.C.S. British. 54, Nelson Road Chingford, E.4, Re 
search Assistant at Imperial College Signed by: E. S. Waight, L. M. Jackman 
Fazakerley, Harry, 13.5c. (Manc.) Lritish. c/o 30, Latimer Road, Headington, Oxford. Research 
Student at Oxford University. Signed by; L. A. K. Staveley, D. W. Dicker 
Findlay, Stephen Powell, A.M., and Ph.D. (Princeton). American. National Institute of Arthritis and 
Metabolic Diseases, National Institutes of Health, Bethesda 14, Maryland, U.S.A Research in 
Organic Chemistry Signed by: H, G. Fletcher, E. Mosettig 
Frahn, John Leslie, M.Sc. (Adelaide), Ph.D. (Edin.). Australian. Division of Biochemistry and 
General Nutrition, C.S.1.R.O,, Adelaide University, South Australia Research Officer. Signed 
by J. A. Mills, H, J. Rodda, B, O. West 
Garbers, Christoph Friedrich, M.Sc. (Pretoria), Ph.D. (Zurich 
Research Laboratories, P.O. Box 305, Pretoria, South 
D. H. S. Horn, |. P. de Villiers 


Research Studen 


OW 


Drive, Guiseley, Nr, Leeds, Yorks, Student 


student at University Colleg: 


R 


Glasson 
" 


Road, ottingham Research Chemist 


South African. National Chemical 
Africa. Research Chemist. Signed by: 
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Greenhalgh, Edward. [British. 22, Lupin Avenue, Farnworth, Lancs, Student at Liverpool Univer- 
sity. Signed by: A. Hickling, A. K. Holliday 

Hackmann, Johannes Thomas. Dutch. 2, Dence Park, Herne Bay, Kent. Senior Research Chemist 
at the Woodstock Agricultural Research Centre, Sittingbourne. Signed by: J. K. Eaton, J. Yates, 

Harry, Ernest Roland. British. 183, Cathedral Road, Cardiff. Assistant Analyst to Messrs, J, 
Campbell Harry and Co, Ltd., Cardiff. Signed by: H. R. Harry, K. W. Sykes 

Hathaway, Brian John, B.Sc. (Lond.), A.R.LC. British. 4, Western Terrace, The Park, Nottingham. 
Demonstrator at Nottingham University. Signed by: Kh. E. Ford, W. E. Addison 

Haynes, Charles Geoffrey, §3.Sc. (Lond.). British 107, Portal Road, Grangemouth, Stirlingshire. 
Research Chemist. Signed by; D. S. Davies, J. F. McGechen 

Herrington, Thelma Marlow. British. 35, Spencer Road, W. Wimbledon, S.W.20. Student at Oxford 
University, Signed by: L. A. K. Staveley, M. L. Tomlinson 

Howell, Walter Colston, M.Sc. and Ph.D. (Western Ontario). Canadian. 18, Burns Street, Nottingham 
Postdoctorate Fellow at Nottingham University. Signed by: H. Booth, C, C. Addison. 

Jones, Paul Raymond, B.A. (Albion Coll.). American, 259, Noyes Laboratory, Urbana, Illinois, 
U.S.A. Graduate Student at the University of Illinois. Signed by; D. Y. Curtin, E. J. Corey. 

Knowles, Aubrey. British. 24, Percy Road, Winchmore Hill, London, N.21. Student, Signed by 
M. J. S. Dewar, W. J. Hickinbottom. 

Kovacs, Odon Kalman Jozsef, Ph.D. (Szeged). Hungarian. Institute of Organic Chemistry, The 
University, Szeged, Beloiannisz-ter 8, Hungary. Associate Professor. Signed by: G. Fodor, 
J. Kovacs 

Lambert, Robert Wilson. British. Fold Farm, Kettlewell, Skipton, Yorks, Student at King’s College, 
London. Signed by: J, Honeyman, A. J. B. Robertson 

Levin, Stephen Harris, Ph.B. and M.S. (Chicago). American. Department of Chemistry, University 
of Wisconsin, Madison 6, Wis., U.S.A. Student. Signed by; J. K. Dyer, E. E. Smissman. 

Lloyd, Gordon, B.Sc. (Liv.). British. 25, Derwent Avenue, Prescot, Lancs. Research Chemist, 
Signed by; W. B. Whalley, R. J. S. Beer 

McKellar, John Ralph, B.Sc. (Adelaide), Australian. 23, Camroc Avenue, Blair Athol, Enfield, Seuth 
Australia. Student. Signed by: B. O. West, I. 5. Walker 

MeNicoll, Hilary. British. 4, Apsley Street, Oakworth, Keighley, Yorks. Student 
LD. M. Grove, K. F. Garwood. 

Magee, Brigid Teresa, }')Sc. (N.U.I.). British. Glenferry, Regent Road, Altrincham, 
Teacher. Signed by; G. R. Barker, M. A. Parsons 

Marks, Burton §., M.S. (Miami), Ph.D. (Polytech. Inst. of Brooklyn) American. 1717, Walnut 
Avenue, Niagara Falls, N.Y., U.S.A. Senior Research Chemist Signed by IV. E, Hoch, A 
Katchman 

Masamune, Satoru, A.B. (Tohoku). Japanese, Department of Chemistry, University of California, 
Berkeley 4, California, U.S.A. Graduate Student Signed by; A. Streitwieser, jun,, J. Jiu, D, 3; 


Signed by: 


Cheshire 


Noyce. 

Matthews, Gerald William John, British. 10, Beresford Street, Stoke, Plymouth. Student at Notting 
ham University. Signed by: C. C. Addison, J. C. Roberts 

Mellander, Olof. Swedish. Department of Medical Biochemistry, University of Gothenburg, Sweden 
Professor of Medical Biochemistry. Signed by: FE. Stenhagen, J. Asselineau. 

Middleton, John Ernest, B.Sc. (Lond.). British. 54, Malmesbury Road, South Woodford, London, 
E.18. Lecturer in Chemistry at Leeds College of Technology. Signed by; A. J. B, Spaull, W. & 
Burnham 

Miller, Nicholas, 1.Sc. and Ph.D. (Lond.), P.R.LC., F.R.S.E. British. Natural Philosophy Depart 
ment, The University, Edinburgh. Senior Lecturer Signed by; L. J. Haynes, J, H. Knox, 

O’Donnell, Thomas Aloysius, M.Sc. and Ph.D. (Melbourn: British. Chemistry Department, Univer- 
sity of Melbourne, Carlton, N.3., Victoria, Australia. Lecturer Signed by: H, J. Emeléus 
kt. N. Haszeldine ? 

Pantall, David Brian, B.Sc. (Nott.), British. 16, New Wanstead, London, E.11, Chemical Engineer 
with Messrs, A. Boake Roberts and Co. Ltd., London, E.15.. Signed by: G. A. Weeks, J. A. Dean 

Patterson, Basil Charles. British. 18, Orchard Way, Wantage,:Berks. National Serviceman, Signed 
by; G. Mattock, G. L. Davies d 

Poynder, Theodore Michael, B.Sc. (Lond.). British. 31, Valentine Avenue, Bexley, Kent, 
ment Chemist. Signed by: R. G. Mason, M. I. Carroll 

Pullom, Ernest Noel, Ph.C. British. 28, Essex Street, Strand, London, W.C.2, Editor, Signed by: 
O, H. Waller, G. P. Forrester 

Read, Gordon, B.Sc. (Nott British, 22, Woodstock Road, Begbroke, Oxon 
Signed by: J. E. Davies, C. C. Addison 

Rickard, Beryl, 13.Sc. (Lond.), A.R.LC, British. Imperial College Hostel, Prince Consort Road, South 


Kensington, 8.W.7. Demonstrator in Organic Chemistry igned by D. Kk. Glasson, E. KR, March 
Robinson, Ann Elisabeth, B.Pharm.(Lond.). British. 63, Parmpisford Road, Purley, Surrey, Kesearch 
Assistant in Pharmaceutical Chemistry. Signed by: A. H. Beckett, A. F. Casy 
Ryland, Thomas Owen, B.A. (Buff ilo). American P.O. Box 939, Lafayette, Indiana, U.S.A 
Student at Purdue University. Signed by: P. Smith, H. C. Brown 
Seoane, Eliseo, Ph.D. (M udrid). Spanish Department of Chemistry, 
Chemistry Research Signed by D. H. BR. Barton, P’. de Mayo 


Develop 


Research Student 


Graduate 


The University, Glasgow, W.2 
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Shapiro, Elliot L., M.S. (Polytech. Inst. of Brooklyn). American. Chemical Research Department, 
Schering Corporation, Bloomfield, New Jersey. Research Chemist. Signed by: F,H. Clarke, jun., 
K. H, Barry. 

Sharpe, Christopher James, B.Sc. (Lond.). British. 63, Nevern Square, London, 8.W.5. Post Gradu- 
ate research. Signed by: W. A. Ross, D. R. Goddard, 

Sinclair, Henry Beall, 8.5. (Calif). American. Chemistry Department, Massachusetts Institute of 
Technology, Cambridge, Massachusetts, U.S.A. Student. Signed by: A. C. Cope, H. O. House. 

Grinivasan, Parithychery Rengaswamy, M.Sc. (Banaras), Ph.D. (Madras). Indian. Department of 
Biochemistry, College of Physicians and Surgeons, 630W, 168th Street, New York 32, N.Y., U.S.A. 
Research. Signed by: M. P. Gordon, D. Rittenberg. 

Stein, Robert A., B.S. (Northwestern), Ph.D. (Ill. Inst. of Tech.). American, Department of Physio- 
logical Chemistry, School of Medicine, University of California, Medical Center, Los Angeles 24, 
California, U.S.A, Research Chemist. Signed by: K. Mislow, D. R. Howton. 

Buddaby, Olaf, .Sc. (Dunelm). British. c/o Acheson Colloids, Ltd., Research Department, Prince 
Rock, Plymouth, Devon. Kesearch Chemist. Signed by; E. A. Smith, R. Kellaway. 

Szatkowski, Witold, B.Sc.(N.U.1.), British. 18, Manor Court Road, Hanwell, London, W.7. Research 
Chemist. Signed by: M. PF, Carroll, R. L. Blackmore. 

Tanner, Elsie May, B.Sc. (Lond.), A.R.L.C. British. 28, Walton Drive, Harrow, Middlesex. Physical 
Chemist with Parke Davies and Co. Lid., Hounslow. Signed by: R. E. Bowman, E, N. Morgan. 

Taylor, Kenneth John, B.Sc. (Manc.). British. 17, Weybridge House, Woodberry Down, London, N.4. 
Kesearch Student, Signed by: G. R. Barker, W. B. Turner. 

Thompson, Clifford Francis, 8.8. (Maryland). American. 606, W. Ohio Street, Urbana, Llinois, U.S.A. 
Graduate Kesearch Assistant, University of Illinois. Signed by; D. Curtin, R. J. Crawford. 

Eero Akseli, Dr.Vhil. (Helsinki). Finnish. Hallituskatu 5, Helsinki, Finland. Professor of 
Physical Chemistry, University of Helsinki. Signed by: C. N. Hinshelwood, R. Nasanen. 

Wells, John William, §3.5c. (Queensland). British. Chemistry Department, University of Queensland, 
St. Lucia, Brisbane, Queensland, Australia. Student, Signed by: T. G. H. Jones, 1. R. Wilson 

Wilkinson, David Ian, B.Sc. (Q.U.L.). British. 104, Eglantine Avenue, Malone Road, Belfast, N 
Ireland. Research Student. Signed by; R.G. R, Bacon, R. A. Raphael. 

Wootton, Lavinia Mary Olive, .Sc. (Bris.). British. 160, Fore Street, Hertford, Herts, Teacher. 
Signed by: W. Davey, D. H. Richardson. 

Wylie, Alexander, 8.Sc. (Gias.). British. 11, Clyde Road, Gourock, Renfrewshire. Research Student. 
Signed by; D.H. RB, Barton, K. H. Overton, 


UNDER SPECIAL PROVISION APPERTAINING TO CANDIDATES RESIDENT ABROAD 


Caughey, Winslow Spaulding, M.S. (New Hampshire), Ph.D. (Johns Hopkins University), American. 
Department of Chemistry, The Johns Hopkins University, Baltimore 18, Maryland, U.S.A. 
Research Chemist. Signed by; A. Nickon. 

Hamilton, Floyd Dudley, A.B. (Emory). American. 100, Sylvia Street, West Lafayette, Indiana, 
U.S.A. Graduate Student at Purdue University. Signed by: P. Smith. 

Hrutfiord, Bjorn Frederick, 8.5. (Washington), American. Department of Chemistry, University of 
North Carolina, Chapel Hill, North Carolina, U.S.A, Student. Signed by: J. F. Bunnett. 

Ikeda, Yoshitsugu, B.Sc. (Tokyo). Japanese. Department of Chemistry, Wakayama University, 
Sekido 278, Wakayama City, Japan. Assistant Professor. Signed by: K. Saito. 

Jordan, Arthur David, jun., A.B. and M.S. (Emory). American. 304, S. Washington’ Avenue, Moores 
stown, N.J., U.S.A. Chemist with The Rohm and Haas Co. Signed by: D. G. Turpin. 

Marker, Khursheed K. A., 8.Sc. (Punjab), M.A. (Cantab.). Pakistani. Lytton Road, Quetta, Pakistan 
Chemist and Director, Marker Alkaloids, Quetta. Signed by: H. A. Berens. 

ueullah, Muhammed, M.Sc. (Dacca). Pakistani. East Regional Laboratories, Polytechni« 
Building, P.O. Tejgaon, Dacca, East Pakistan, Research Worker. Signed by: M. Q. Khuda. 
Smith, Leonard, B.Sc. (Dunelm). British. oy Wingrove Road, Fenham, Newcastle upon Tyne 


National ec ne in Malta. Signed by: G. A. Swan 

Stjernholm, Rune Leonard, B.S. (Stockholms Teknioke Inst.). Swedish. Western Reserve University, 
Medical School, Biochemistry, Cleveland, 6, Ohio, U.S.A. Graduate Student. Signed by: S 
Pomerantz 


Stothers, John Bailie, M.Sc. (Western Ohio). Canadian. 10, Stanley Avenue, Apt. 2, Hamilton, 
Ontario, Canada. Graduate Student at Hamilton College, McMaster University. Signed br 
G, 5. Perry 
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PAPERS ACCEPTED 


(List of Papers accepted between December 6th, 1955, and January 17th 1956, for 
publication in the Journal.) 


‘ Cellular constituents. The chemistry of xanthine oxidase. Part I]. The question 
of homogeneity of crystalline metallo-flavoprotein fractions.” By P. G, Avis, F. BerGet, 
R. C. Bray, D. W. F. James. and K. V. SHoorer. 

‘ Cellular constituents. The chemistry of xanthine oxidase. Part II]. Estimations 
of the co-factors and the catalytic activities of enzyme fractions from cow's milk."" By 
P. G. Avis, F. Bercet, and R. C. Bray. 

“The structure and reactions of dinitrogen tetroxide.” By Zovtan G. SzAB6, Lajos 
G. BARTHA, and BELA Lakatos. 

“ Interrelationship between viscosity and boiling point of homologous liquids,”’ By 
SANTI R. PAtit. 

“ The Hg-Hg bond length in the mercurous ion. Part I. The erystal structure of 
mercurous nitrate dihydrate.” By D. Groenié. 

“ The Hg-Hg bond length in mercurous ion. Part II. The crystal structure of 
mercurous fluoride.”” By D. Grognié and C, Dyorpyevic. 

“ The influence of the reaction medium on the relative apparent eleetron-donating 
effects of different alkyl groups.” By E. SKINNER. 

‘ Stabilities of complex compounds of metals. Part I]. The system di(tri-n-butyl- 
phosphine)dichloropalladium(1)-n-octylamine.”” By B. Meppincs and A. R. Burkin, 

“ The dipole moments of pyridine, quinoline, and isoquinoline as vapours and as 
solutes.” By A. D, BuckinGuam, J. Y. H. Cuau, H. C. Freeman, R. J. W. Le Fevers, 
D. A. A. S. NARAYANA Rao, and J. TarpIr. 

‘ Some chain-substituted methincyanines and styryl dycs.’’ By Frances M. HAMER. 

“The mechanism of the Fries rearrangement.” By N. M. CuLLInANE, ALWYN G. 
Evans, and E. T. Ltoyp. 

“ Stereochemistry of tropane alkaloids. Part IX. Selective quaternisation of tropan- 
3a-ol and tropan-36-ol and of their derivatives.’ By GAnor Fopor, KARoLY Koczka, 
and JANos LestyAn. 

‘The reaction between cinnamic acid and phenols in presence of hydrochloric acid. 
A new method for the preparation of 3: 4-dihydro-4-phenylcoumarins.” By J. D. 
Simpson and HENRY STEPHEN. 

‘ Reactions of organic azides. Part V. The Schmidt reaction with fluorenones, The 
structure of the intermediate in the Schmidt ketonic reaction.’’ By C. L. Arcus, M. M,. 
Coomss, and J. V. Evans. 

‘ Aryl-2-halogenoalkylamines. Part XVI. The preparation of derivatives of 4-(di- 
(2-chloroalkyl)aminojazobenzenes.”” By W. C. J. Ross and G. P. WARWICK. 

‘‘ The production of active solids by thermal decomposition. Part VIII, The calein- 
ation of calcium hydroxide.”” By D. R. GLasson. 

“ The kinetics of sydrogen isotope exchange reactions. Part V. Partial rate factors 
for the hydrogen isotope exchange between toluene and sulphuric acid.” By V. Gop 
and D. P. N. SATCHELL. 

“ The preparation and stability of dialkyl chloroboronates."’ By M. F. LAprert. 

The polarography of niobium." By D. J. Ferrerr and G. W. C, MILner. 

‘ Thermodynamic ionization constants of barbituric acid and some of its derivatives.” 
By A. 1. BicGs. 

“A new method for the preparation of 9: 10-disubstituted anthracenes.” By 
K. JASPER CLARK. 

‘The synthesis and stereochemistry of some trivalent arsenic compounds,’ By 
I. G. M. CAMPBELL and R. C. Potier. ' 

‘‘ The preparation of eyclopentenones from the products of Stobbé condensations with 
aliphatic ketones.” By M. Ex.iorr. 
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“ Studies in hydrogen-bond formation, Part VI. Complex-forming preperties of 
esters, and their relationship to the adsorption properties of cellulose acetate and other 
polymers.”” By F. M. Arsuip, C. H. Gries, and S. K. JArn. 

The colour of organic compounds. Part IX. A comparison of isomeric dyes from 
4: 7a-diazaindan-l-one and -2-one.”” By Epwarp B. Knorr. 

‘isoThebaine; the synthesis of 2: 3: 6-trimethoxyaporphine.” By K. W. BentLey 
and FE. T. BLugs. 

‘Some observations in relation to the Reissert :eaction.”” By R. F. Coins and T. 
HENSHALL, 

Studies on organic fluorine compounds. Part V. Infrared studies on fluoropyruvic 
acid and related compounds.” By Ernst D. BERGMANN, ABRAHAM KALMUS, and SHRAGA 
PINCHAS 

‘* Heterocyclyl-rhodanines and -2-thiohydantoins.” by Epwarp B. Knorr. 

“ The hydrothermal chemistry of the silicates. Part VII. Synthetic potassium 
aluminosilicates.” By R. M. Barner and J. W. BAYNHAM. 

Liquid metals. Part IV, The wetting of zine by liquid sodium; the significance 
of the critical wetting temperature.’’ By C,C. Appison, W. FE. Apptson, D. H. Kerrince, 
and J. Lewis. 

“Cyanine dyes derived from 2-methylindolo(2’ : 3-4: 3)quinoline.” 1] 
(;, MANN and A, F, Prior. 

The oxidation of 2-naphthylamine with benzoyl peroxide.”” By S. F. D. Orr, Peter 

, and (in part) D. MANSON. 

“ The reaction between diphenylpicrylhydrazyl and 2-cyano-2-propy! radicals.”” By 
By J. C. BeviInctTon. 

‘Synthesis of polycyclic compounds. Part III]. The formation of as-octahydro 
phenanthrene from the isomeric 2-phenylethyleyelohexanols.” By (Mrs.) Manyuit Ray, 
J. C. Barpuan, and K, C. BHATTACHARYYA. 

“ Synthesis of polycyclic compounds. Part IV. Substituted 3-alkylphenanthrenes.’ 
By |. C. Barpuan, R. N. Anaya, and K. C. BHATTACHARYYA. 

‘ Carcinogenic nitrogen compounds, Part XVIII. The synthesis of some polycyclic 
carbazoles.”” By He, Pu, Buu-Hol and Prerre JAcguicnon, 

“ Steroids and Walden inversion. Part XXX. The epimeric coprostan-3-ylamines 
and cholest-4-en-3-ylamines."" By D, E. Evans, H. C. Ricnarps, C. W. Sxopprr, and 
G. H. R. SUMMERS. 

‘ Solutions in sulphuric acid. Part XIX. The formation of tetra(hydrogen sulphato) 
boric acid and its anion in solutions of boric acid and borie oxide.”” By R. Flowers, 
R, J. Grivesprme, and J. V. Ouprrpce. 

“ Chlorophyll and related substances. Part III. The synthesis of octamethylchlorin.”’ 
By Uti Eisner and R. P. Linsteap, with (in part) E. A. PArKEs and Enitn STEPHEN 

‘' Homolytic aromatic substitution. Part XI. The phenylation of toluene, ethy! 
benzene, and tsopropylbenzene.”” By D. H. Hey, B. W. Pencitry, and Gareru H. 
WILLIAMS 

‘‘Homolytic aromatic substitution. Yart XII. Reactions with phenyl iodoso 
benzoate.” By D. H. Hey, C. J. M. Stiruine, and GAretu H. WILLIAMs. 

‘The chemistry of extractives from hardwoods. Part XXVI. Experiments on 
cycloeucalenol a new triterpene from Eucalyptus microcorys.”” By J.S. G. Cox, F. E. Kine, 
and T. J. Krna. 

“A thermodynamic study of some iodine solutions.”” By W. B. Jerson and J. S 
JROWLINSON 

‘Photochemical changes of some deoxybenzoins.”” By Joseru KENyon, ABDE! 
RassouL, AnMED ABDEL RASsouL, and GABRA SOLIMAN, 

“ The solubility of aluminium chloride in some hydrocarbons.”" By Frep FAIRBROTHER, 
NorMAN Scort, and HAROLD PROPHET. 

‘ Organometallic compounds of the alkali metals. Part VI. Evidence for the form 
ation of free alkyl radicals during certain Wurtz reactions. Homolytic reactions between 
alkyl-lithium compounds and alkyl halides.” By D. Brycr-Ssirrin 


? 


sy FREpreRick 


—— 


21 


“ Nucleotides. Part XXXV. eycloPentanone oxime p-nitrobenzenesulphonate as an 
intermediate in the synthesis of nucleotide derivatives ; an alternative synthesis of adeno- 
sine-5’ triphosphate.” By B. H. Cuase, G. W. Kenner, Sik ALEXANDER Topp, and 
R. F. Wess. 

‘‘ Mechanism, kinetics, and stereochemistry of octahedral substitutions. Part LV. 
Bimolecular basic hydrolysis and aquation of some halogenotsothiocyanatobis(ethylene- 
diamine)cobalt(1) ions.” By C, K. Incotp, R. S. Nyworm, and M. L. Tose, 

‘‘ Mechanism, kinetics, and stereochemistry of octahedral substitutions. Part V. 
imolecular basic hydrolysis and aquation of some halogeno- and nitrato-amminobis 
(ethylenediamine)cobalt(1m) ions.” By R. 5. NyHo_m and M. L. Tope. 

‘ Heterocyclic N-oxides. Oxides of some diphenylpyrazine derivatives and of 3-nitro- 
and 7-nitro-quinoline.” By Justus K. Lanpquist. 

‘isoCyano-complexes of rhodium. Part I. Tetra-ésocyanorhodium(i) salts.’’ By 
L. MALATESTA and (Miss) L. VALLARINO. , 

“ Structural chemistry of the alkoxides. Part V. Isomeric butoxides and amyloxides 
of quinquevalent tantalum.” By D.C. BrapLey, W. WARDLAW, and (Miss) A. WHITLEY. 

The conductivity of solutions in which the solvent molecule is “ large.”” Part I. 
Solutions of tetraethylammonium picrate in some phthalate esters.’ By C, M, Frencu 
and N. SINGER. 

“ The constitution of an oat-straw xylan.” By G. O. AsPINALL and K. C, B, Winkie, 

‘ Conductivity studies of some thiosulphates in aqueous methanol and in aqueous 
ethanol.” By J. R. Bevan and C. B. Monk. 

‘ The influence of electrolytic dissociation upon rates of reactions. Part Il. The 
thiosulphate-propyl bromide reaction in aqueous ethanol.”’ By J. R. Bevan and C, B. 
Monk. 

The solvolysis of n-propyl bromide in aqueous ethanol.” By J. R. Bevan and C, B. 
MONK. 

“ Nucleophilic displacement reactions in aromatic systems. Part V. Kinetics of the 
reactions of some chloroazanaphthalenes and related compounds with ethoxide ions and 
with piperidine.”’” By N. B, CHAPMAN and D. (). Russeii-HILL. 

‘ Kinetics of the depolymerisation of trioxan in aqueous acids, and the acidic properties 
of aqueous hydrogen fluoride.” By R, P. Beit, K. N. Bascomer, and J. C, MeCouprry, 

‘ The kinetics of oxidation by nitrous and nitric acid, Part II], Oxidation of oxali 
acid by nitrous acid,”” By (Miss) P. A. VAMpLew and K. SIncer. 

“New intermediates and dyes. Part IV. Condensation of thionaphthen-2: 3 
dicarboxylic anhydride with hydrocarbons and phenols.’’ By Arno_p T, Prtrers and 
DEREK WALKER. 

“ Organosilicon compounds, Part XVII. The acidic solvolysis of organosilicon 
hydrides.”” By J. E. Barnes and C, Eanorn. 

“Colombo root bitter principles. Part I. The functional groups of columbin.”” By 
D. H. R. Barton and Dov Eran. 

“ The quadrivalent fluororhenates.”” By RK. D, Peacock 

‘‘ Organic reactions in sulphuric acid, Part I. Ester hydrolysis. By |. A, LeistTen. 

Vibrational frequencies and thermodynamic properties of fluoro-, chloro-, bromo-, 
and iodo-benzene.” By D. H. WuHirren. 

‘ lonization constants of heterocyclic substances. Part II]. Hydroxy-derivatives of 
nitrogenous six-membered rings.” By Aprien ALsert and J. N. Pauses. 

“ Raman effect of the borohydride ion in liquid ammonia solution.” By L. A. Woon- 
WARD and H. L. Ropers. 

“A direct current integrating potentiometric cireuit for the measurement of small 
EM.F.s developed across high resistances.’’ By J. 1. Carasso and R. W. PrrTman, 

“ The mechanism of aromatic sulphonation and desulphonation in aqueous sulphuric 
acid.” By V. Gop and D, P. N. Satcne.. 

The @-phenylserine series. Part IV."’ by Ernsr D. BeromMann and Cu. RESNICK. 

“ Molecular addition compounds of dinitrogen tetroxide with nitrogen, oxygen, and 
aromatic hydrocarbon donors.” By C. C. Appison and J. C. SHELDON. 
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 Diaryl-2 : 2’-disulphonic acids and related compounds. Part I. The diphenyl and 
the ditolyl series.” By W. L. F. Armareco and E. E. Turner. 

‘ Addition compounds of gallium trichloride. Part I. A comparison of the binary 
systems which acyl chlorides form with boron and gallium trichlorides.”” By N. N. 
GREENWOOD and K, WADE. 

‘ Synthesis of difar-4C|benzoyl peroxide from ['4C|benzene.’ 
C. G, Moore, 

 Esterification by sulphuric acid.’ By (the late) Gwyn WiLttaMs and D. J. CLARKE. 

‘Complex Fluorides. Part V. Complexes formed by molybdenum hexafluoride, 
tungsten hexafluoride, and rhodium tetrafluoride.”” By B. Cox, D. W. A. SHarp, and 
A, G, SHARPE, 

Stability, solvolysis, and co-ordination reactions of esters of boronic acids and their 
halogen derivatives.” By P. B. Brinpiey, W. Gerrarp, and M. F. Laprert. 

‘ Electrophilic substitution, Part Il. The nitration of naphthalene and perylene.”’ 
By M. J. S. Dewar and T. More. 

Nucleotides. Part XXXVI. Adenosine-2’ uridine-5’ phosphate.”” By A. M. MIcHEL- 
son, L. Szano, and Sir ALEXANDER R. Topp. 

The solvolysis of #-cholesteryl toluene-p-sulphonate.”’ By C. W. Snoprere, G. H. R. 
SumMMERS and R. J. W. WiLLIAMs, 

“ Triterpenoids. Part XLVIII. Olean-13(18)-ene: isomerisation of olean-12-enc 
and related hydrocarbons with mineral acid.” By Georce Brown ir, M. B. E. Fayez, 
FS. Sprinc, Ropert STEVENSON, and W. 5. STRACHAN, 

‘ The occurrence of triterpenes in the Aquifoliaceae and Ericaceae of Hong Kong.” 
By H..R. Artuur, C. M. Leg, and C. N. Ma. 

‘‘ Mesomorphism and chemical constitution. Part VII. The effect of halogen substitu 
tion on the mesomorphism of the trans-p-n-alkoxycinnamic acids."” By G. W. Gray, 
BeyNMOoR Jones, and F. MARSOoN. 

“ Intermediates for the synthesis of optically active methyl-substituted long-chain 
acids. Part I.” By R. Brerrie and N, Potcar. 

 peri-Hydroxy-carbonyl compounds. Part I. The synthesis of peri-hydroxy- 
indanones, tetralones, and benzocycloheptenones."" By N. F. Hayes and R. H. Tuomson. 

A study of melanin formation by use of 2-(3 : 4-dihydroxy/3-Cjphenyl)-, 2-(3 : 4-di- 
hydroxy(4-!C)phenyl)-, and 2-(3 : 4-dihydroxy(5-!C)phenyljethylamine.” By G. A. 
Swan and D, Wricut. 

“ Oxanil.”” By D. Bucktry and H. B. Henpest 

‘ Phenoxyacetic acid."" By R. Bretrie. 


, 


By G. Ayrey and 


ADDITIONS TO THE LIBRARY 


ALUMINIUM-ZENTRALE E.V. Das chem- ations in the 10 years ended 31st March, 
ische Verhalten von Aluminium. Aluminium. 1954. 27th report. 1955. H.M.S.O. 


Verlag. 1955. (Presented by D.S.I.K.) 
BARNETT, E, be B, Mechanism of organic Maver, A., and Price, W. J. Chemical 
chemical reactions, 1956, Blackie. and spectrographic analysis of magnesium and 
(Presented by Author.) its alloys. 1954. Magnesium Elektron Ltd. 
X1V° ConGreES INTERNATIONAL DE (Presented by Publishers.) 
CHIMIE PURE ET APPLIQUEE. Zirich, 21-—27 ORGANISATION FOR EUROPEAN Economic 
VII 1965. Conférences principales et con- CO-OPERATION. Chemical Products Com 
férences de sections. 1955, Birkhduser, mittee. The chemical industry in Europe. 


DEPARTMENT OF SCIENTIFIC AND IN- A study prepared by the Chemical Products 
DUSTRIAL RESEARCH. The investigation of Committee in September 1955, 1955. 
atmospheric pollution: a report on observ- ©,E.E.C, (Presented by Publishers.) 


LOCAL REPRESENTATIVES OF THE CHEMICAL SOCIETY 


Aberdeen. 
Australia, 
Birmingham, 
Bristol. 
Cambridge. 
Canada, 
Ceylon. 
Edinburgh, 
Exeter. 
Glasgow. 


Hull, 
India. 


Irish Republic. 


Leeds. 
Liverpool. 


Manchester. 


Newcastle and 
Durham, 


New Zealand, 


Northern Ireland. 


North Wales. 
Nottingham. 
Oxford, 


Pakistan. 


St. Andrews and 


Dundee. 
Sheffield. 


South Africa, 
Southampton. 


South Wales. 


R. H. Thomson, Ph.D., F.R.1.C., Chemistry Department, The University, Old 
Aberdeen. 

Dr. K. H. Pausacker, Chemistry Department, University of Melbourne, 
Carlton, N. 3, Victoria, Australia, 

J. C. Tatlow, B.Sc., Ph.D., Department of Chemistry, The University, 
Edgbaston, Birmingham, 15. 

P. Woodward, B.Sc., Ph.D., Chemistry Department, 
Woodland Road, Bristol. 

R. N. Haszeldine, B.Sc., M.A., Ph.D,, University Chemical Laboratory, Pem- 
broke Street, Cambridge. 

Professor J. K. N. Jones, M.Sc., Ph.D., A.R.LC., Queen’s University, 
Kingston, Ontario, 
M. U. S. Sultanbawa, B.Sc., Ph.D., 
Tke University, Colombo, Ceylon. 
G. O. inall, B.Sc., Ph.D., Chemistry Department, King’s Buildings, West 
Mains Road, Edinburgh. 
K. Schofield, B.Sc., Ph.D., 
University, Exeter. 

D. S. Payne, B.Sc., Ph.D., A.R.I.C. Chemistry Department, The University, 
Glasgow, W.2. 

G. W. Gray, B.Sc, Ph.D., Chemistry Department, The University, Hull. 

Professor T. R, Seshadri, M.A., Ph.D., F.R.1.C., Department of Chemistry, 
The University, Delhi, India. 

D. O Tuama, M.Sc., Ph.D., F.1L.C.1., Medical Research Council of Ireland, 
The Laboratories, Trinity College, ‘Dublin. 

E, Rothstein, Ph.D., D.Sc., A.R.C.S., Organic Chemistry Department, The 
University, Leeds, "2. 

A. K. Holliday, B.Sc., Ph.D., —~ Smae of Physical and Inorganic Chem- 
istry, The University, Liverpoo 

D. W. Broad, Ph.D., A.R.L.C., Imperial Chemical Industries Limited, 
Research Department, Widnes Laboratory, Widnes, 

G. R. Barker, B.Sc., Ph.D., Chemistry Department, 
Manchester, 13. 

A.C, yg = M.A,, B.Sc., Imperial Chemical Industries Limited, Hexagon 
House, Blackley, Manchester, 9. 

G. A. Swan, D.Sc., Ph.D., F.R.LC., 
College, Newcastle-on-Tyne, 1, 

Professor S. N. Slater, M.Sc., D.Phil., A.R.LC., Chemistry Department, 
Victoria University College, Wellington, New Zealand, 

R. G. R. Bacon, PhD., A.R.C.S., Chemistry Department, 
University, Belfast. 

J. E. McKail, Ph.D., Department of Chemistry, University College of North 
Wales, 

C. C, Addison, D, Se., Ph.D., F.R.L.C., Chemistry Department, The University, 
University ‘Park, Nottingham. 

L. A. K. Staveley, M.A., Inorganic Chemistry Laboratory, South Parks 
Road, Oxford. 

M. I. D. Chughtai, M.Sc.Tech., Ph.D., A.R.LC., Punjab University Institute 
of Chemistry, The Mall, Lahore, Pakistan, 

Cc, ne M.Sc., Ph.D., Chemistry Department, The University, 

t. 


. J. V. Tyrrel, M.A., B.Sc., Chemistry Department, The University, 


Professor F, L. Warren, Ph.D., F.R.LC., D ment of Chemistry, 
University of Natal, P.O. Box 375, Pietermaritz rg, South Africa, 


N. B. Chapman, M.A., Ph.D., Department of Chemistry, The University, 


Southampton, 
K. W. Sykes, M.A., B.Sc., D.Phil., Department of Chemistry, University 


College, Singleton Park, Swansea. 


The University, 


A.R.LC., Department of Chemistry, 


F.R.I.C., Department of Chemistry, The 


The University, 


Department of Chemistry, King’s 


Queen's 


H. 
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PROCEEDINGS 
OF THE 
CHEMICAL SOCIETY 


SCIENTIFIC MEETINGS DURING MAY, 1956 
LONDON, 
Thursday, May 3rd, 1956, at 7.30 p.m. 
The papers presented will include : 


“Transport to the surface of a rotating disc."’ By D, P. Gregory and A. C, 


Riddiford. 
The behaviour of monolayers of radio carbon tagged soap.’’ By S. Flengas and 


Sir Eric Rideal. 

“The preparation of active solids by thermal decomposition, Part IX. The 
calcination of ferric oxide hydrate and of lepidocrocite.’’ By J, F. Goodman 
and S. J. Gregg. 


Abstracts of the Papers for discussion may be obtained from the General Secretary. 


EXETER. 
Thursday, May 3rd, 1956, at 5 p.m. 


Lecture, Surface Diffusion, by Professor R. M. Barrer, D.Sc., F.R.LC. To be 
given in the Washington Singer Laboratories. 


IRISH REPUBLIC, 


Wednesday, May 2nd, 1956, at 7.45 p.m. 


Lecture, Seaweeds and their Utilisation, by Dr. F. N. Woodward, B.Sc., F.R.S.E., 
F.R.LC. Joint Meeting with the Institute of Chemistry of Ireland, the Royal 
Institute of Chemistry, and the Society of Chemical Industry, to be held in the 


Chemistry Department, University College, Dublin. 


Thursday, May 4th, 1956, at 7.45 p.m. 


Lecture, Seaweeds and their Utilisation, by Dr. F. N. Woodward, B.Sc., F.R.S.E., 
F.R.LC. Joint Meeting with the Institute of Chemistry of Ireland, the 
Royal Institute of Chemistry, and the Society of Chemical Industry, to be held 


at University College, Cork. 


Monday, May 7th, 1956, at 7.45 p.m. 


Lecture, Seaweeds and their Utilisation, by Dr. F. N. Woodward, B.Sc., F.R.S.E., 
F.R.LC. Joint Meeting with the Institute of Chemistry of Ireland, the Royal 
Institute of Chemistry, and the Society of Chemical Industry, to be held in the 


Chemistry Department, University College, Galway. 


Friday, May 8th, 1956, at 7.45 p.m. 


Lecture, Applications of Infrared Spectroscopy in Chemistry, by Dr. H. W. 
Thompson, M.A., F.R.S. Joint Meeting with the Werner Society to be held in 
the University Chemical Laboratory, Trinity College, Dublin. 


NEWCASTLE AND DURHAM. 
Monday, May 2\st, 1956, at 6.15 p.m. 


Lecture, Sterile Hindrance in Analytical Chemistry, by Dr. H. M. N. H. Irving, 
M.A., D.Phil, F.R.LC. Joint Meeting with Durham Colleges Chemical 
Society to be held in the Science Laboratories, The University, South Road, 
Durham, 


OFFICIAL ANNOUNCEMENTS 
DEATHS 


The Council regrets to announce the deaths of the following Fellows : 


Elected. Died, 
Horatio meen (Tadworth) pw 19th, 1892. - 25th, 1956. 
Vincent Binns (Crewe) May 6th, 1954. . 16th, 1955, 
Delbert Francis own (Linden, N. May Ist, 1947. Nov. 16th, 1955. 
Dovid Agnew Griffith (Par, Cornw: 1) Feb, 2nd, 1888. an, 12th, 1956. 
Balkrishn Kolhatkar ‘name ." Feb, 19th, 1914. Nov. 9th, 1955, 
William Francis Martin (Edinbu Dec, 3rd, 1925. Nov. 7th, 1966. 
Gilbert George Sargeant Pullen ( Apr. 15th, 1943. an. 12th, 1956. 
George Henry Purvis (Usk, Mon.) Feb. 18th, 1926. . 26th, 1955, 


CONGRATULATIONS. 


The President has conveyed the congratulations of the Society to the following Fellows 
who completed 60 years of Fellowship on February 20th, 1956 : 


Ernest Haynes Jeffers (Chelmsford). 
Thomas Francis Rutter (Braunton). 


and to the following Fellows who completed 50 years of Fellowship on February 12th, 
1956 : 

Thomas Going Stoney Bogue (Dublin) 

Thomas Harold Durrans (Worcester) 

Walter Hamis Glover (Box). 

Henry Carlisle Irving (Dawlish) 

—- Parkin (Wigton). 

illiam Hughes Perkins (St. Albans) 
on Charles Thornton (Sidcup) 


my - Wasteneys (Toronto) 
zd 


fury gar Watt (Edinburgh) 


ELECTION OF NEW FELLOWS, 


The following 65 candidates were elected Fellows of the Society on February 16th, 
1956 : 


Brian Adcock, Gillian Lris Mary Hurdman 
Anthony Leonard Andrews. Colin Jackson. 
Om Prakash Agarwal, sone toyston Jones. 
Richard Bentham Arnold taymond Arthur Jones 
Koy Leonard Barnden, Aung Khin. 
Terence John Barnes. Takashi Kubota. 
Dieter ang Blum. Kenneth George Mallett. 
Derek David Chapman. Puthamkurichi Subramanyaiyer 
 arnec A Colin Clayton. Mayuranathan, 
rian Cleaver. Alec 
Hugh Edryd Joshua Davies. Laszlo Mester. 
Lois Jean Durham. pan Alfred Miller, 
Brian Colin Easton, axman N, Mulay, 
Frederick Gareth Robert Gimblett. Masumi Nakamichi, 
Michael Francis Harold Godwin. Raghoonandan Nery 
Gordon Edwin Hall. Albert Norton. 
ill Handisyde. Raymond James Otter 
ah Ralph Hanson. Mervyn Evan Peel, 
Geoffrey Ellis Harwood. Rodney John Perriman, 
Anna Elisabeth Hell. Marion Doreen Pitches, 
Helen Margaret am. David John Bretton Potter. 
— Ho Terence Edward Rogers. 
Ralph Hollingherst. Barbara Roth. 


Edward Joseph Rothery. oti Prasad Varma. 

Adrian John Ryan. rishnaswamy Venkaji. 

John James Scott. Walter Anthony Vredenburgh. 

Keith Morton Seymour, Michael John Waghorn. 

Leonard Harold Skinner. Derek Walker. 

Benjamin Sklarz. Rahula Oliver Barnes Wijesekera, 
James Dudley Spainhour. David Victor Wise. 

— Bryan Stone. ine Raymond Wooldridge. 

<enneth George Tapping. Salah Mohamed Abdel Dayem Zayed. 
James Trotter. Maurizio Zifferero. 


CORDAY-MORGAN MEDAL AND PRIZE. 


The Corday-Morgan Medal and Prize for 1954 has been awarded to Dr. Rex Edward 
Richards, 

This Award, consisting of a Silver Medal and a monetary Prize of 200 Guineas, is made 
annually to the chemist of either sex and of British Nationality who, in the judgment of the 
Council of the Chemical Society, has published, during the year in question, the most 
meritorious contribution to experimental chemistry, and who has not, at the date of 
publication, attained the age of thirty-six years. 

Copies of the rules governing the Award may be obtained from the General Secretary 
of the Society. Applications or recommendations in respect of the Award for the year 
1955 must be received not later than December 31st, 1956, and applications for the Award 
for 1966 are due before the end of 1957. 


QUARTERLY REVIEWS. 
Quarterly Reviews, Vol. X, No. 1, will contain the following articles : 


‘ The properties and nature of adsorbent carbons,"’ by J. J. Kipling. 
‘ Phenol tautomerism,’’ by R. H. Thomson. 


“The principles of conformational analysis," by D. H. RK. Barton and R. C. 
Cookson, 

‘ Radioactivation analysis,” by E. N. Jenkins and A. A. Smales. 

The indole alkaloids excluding harmine and strychnine,” by J. FE. Saxton, 


It is expected that forthcoming issues will contain the following articles : 


“ Silyl compounds,”’ by A. G, MacDiarmid. 

‘ Nuclear methylation of flavonoids,” by T. R. Seshadri. 

‘‘ Peptides : methods of synthesis and terminal-residue studies,” by H. D, Springall 
and H. D. Law. 


THE PHYSICAL SOCIETY EXHIBITION OF SCIENTIFIC INSTRUMENTS AND 

APPARATUS, 

This exhibition will be held at the Royal Horticultural Society’s Old and New Halls, 
Westminster, London, S.W.1, from May 1I4th to 17th, 1956. Fellows of the Chemical 
Society can obtain special tickets to visit the Exhibition on the Physical Society’s members’ 
morning, Monday, May 14th, when the Exhibition is not so crowded, Fellows wishing to 
attend the Exhibition on this day should apply for tickets to the General Secretary, The 
Chemical Society, Burlington House, London, W.}. 
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MINUTES OF SCIENTIFIC MEETINGS 
Minutes of a 
SCIENTIFIC MEETING 


held at the Royal Institution, Albemarle Street, London, W.1, on 
Thursday, February 2nd, 1956, at 2.30 p.m. 


rhe President, Professor W. Wardlaw, C.B.E., D.Sc., F.R.LC., was in the Chair. 


MINUTES. 
The Minutes of the Scientific Meeting held at the Imperial College of Science and 
Technology on January 19th, 1956, were read, and were confirmed and signed. 


FORMAL ADMISSION OF FELLOWS. 
The following were admitted Fellows of the Society: D. J. Morley, A. Barker, Henry 
Rapoport, Leslie C. Johnson, K. Reynolds, D, J. Fry, D. G. Wilkinson, 


SYMPOSIUM, 

The President called upon Dr. R. P. Linstead, C.B.E., F.R.S., to take the Chair for the 
afternoon session of the Symposium entitled ‘ Recent Advances in the Chemistry of 
Colouring Matters.” The following contributions were made and discussed : 


1. “ Steric Effects in Azo and Indigoid Dyes.’’ By Wallace R. Brode (Washington). 
2. “ cis-trans-Isomerism in Azo-dyestuffs."” By R. H. Peters and E. Atherton 


(Manchester). 
3. “ Synthesis of Azaporphins and Related Macrocycles.’’ By J. A. Elvidge 


(Imperial College), 
The meeting then adjourned, and in the evening the Chair was taken by Sir Alexander 
lodd, F.R.S. The following papers were read and discussed : 
1. “‘ Synthetic Carotenoids.” By O. Isler, H. Lindlar, M. Montavon, R, Ruegg, 
G, Saucy, and P, Zeller (Basle), Dr. Isler read the paper. 
2. “‘ Modern Theories of Colour.”” By M. J. S. Dewar (London), 
At the close of the discussion, the Chairman expressed the thanks of the Society to the 
contributors to the Symposium. 


Minutes of a 
SCIENTIFIC MEETING 
held in the Large Chemistry Theatre of the University of Manchester on 
Thursday, February 9th, 1956, at 6.30 p.m. 
The President, Professor W. Wardlaw, C.B.E., D.Sc., F.R.LC., was in the Chair. 


FORMAL ADMISSION OF FELLOWS. 

The following were admitted Fellows of the Society: J. A. D. Ewart, Neville H. P. 
Smith, J. A. Schofield, Herbert Buchwald, G. H. Foxley, J. A. Farrington, W. F. Hodson, 
M. Thompson, Brian R. Smith, Alan Taylor, Teresa Magee. 


TILDEN LECTURE. 

The President called upon Dr. G. W. Kenner to deliver the Tilden Lecture entitled 
“ Recent Progress in the Chemistry of Peptides.’ At the conclusion of the Lecture, a 
vote of thanks to Dr. Kenner, proposed by Professor A. J. Birch, was carried with 
acclamation, 
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Minutes of a 
SCIENTIFIC MEETING 
held at Burlington House, on Thursday, February 16th, 1956, at 7.30 p.m. 
Sir Alexander Todd, M.A., D.Sc., F.R.S., Vice-President, was in the Chair. 


MINUTES. 


The Minutes of the Scientific Meetings held at the Royal Institution and at the Uni- 
versity of Manchester, on February 2nd and 9th, respectively, were read, and were con- 
firmed and signed. 


VACANCIES ON COUNCIL, 1956-57. 
The list of nominations was read. 


APPOINTMENT OF SCRUTATORS. 


Mr. P. F, G, Praill and Dr. W. C, J. Ross were appointed scrutators for the ballot for the 
election of Vice-President and Ordinary Members of Council. 


FORMAL ADMISSION OF FELLOWS. 


The following were admitted Fellows of the Society: F. Bergel, J. H. Pryor, G. W. 
Kenner, B. D. Owen, I. R. Wilson, G. P. Warwick, J. J. Roberts, Walter Davis, R. C. Bray, 
k, W. Crunden, C. A. Vernon. 


SCIENTIFIC COMMUNICATIONS. 
The following papers were read and discussed : 


' Aryl-2-halogenoalkylamines. Part XVIII. The Rates of Reduction of Substituted 
4-(Di-2-chloroethylamino)azobenzenes by Stannous Chloride, Hydrazine, and _ thie 
Xanthine Oxidase-Xanthine System.” By W. C. J. Ross and G. P. Warwick. 

A New and Specific Aromatisation Reaction.” By P. A. Robins and James Walker. 

‘Mechanisms of Hydrolysis of Organic Phosphates. Parts I and II.” By C. A. 
Bunton, D. R. Llewellyn, K. G. Oldham, and C. A. Vernon. 


PAPERS ACCEPTED 


(List of Papers accepted between January 19th and February 17th, 1956, 
for publication in the Journal.) 


The selective absorption of optical antipodes by proteins. Part III." By Witiiam 
BRADLEY and RICHARD A. BRINDLEY. 

Glycine peptides. Part II. The heat and entropy of formation of the peptide bond 
in polyglycine.”” By A. B. Meaey. ‘a 

‘ Thermochemistry of organophosphorus compounds. Part Il. Triethyl phosphate, 
tripropylphosphine oxide, and tributytphosphine oxide.” By C, L. Cuernick and H. A. 
SKINNER, 

“‘ Bridged complexes of palladium(t1) containing chelate ligands.” By S. E. Livin 
STONE. 

“ Bridged complexes of platinum(11) containing chelate groups.’ By S. E. Livine 
STONE, 

The lowest singlet excited levels of naphthalene. Part I. A semi-empirical calcul- 
ation.”” By R. Leresvre and C. Moser. 

The chemistry of the transition elements. Part I. Dimeric carbonyl complexes 
of platinum.” By R. J. Irvine and E. A. MaGNnusson. 


‘ Interdependence of molecular conformation and conjugation in aromatic ethers. 
Part I." By G. BAppDELEY, N. H. P. Smiru, and M. A. VICKARs. 

Correlation between reactivity of the I-carbon atom in alcohols, and certain pro- 
perties of alkoxylsilanes.” By W. Gerrarp and K. D. Kicsurn. 

‘ A study of the Stephen reaction.” By L. TURNER. 

‘* Solid-liquid equilibria in solutions of non-electrolytes.”” By R. P. Rastroci and 
K. T. RAMA VARMA. 

‘ Adsorption of complex anions from urany! sulphate solution by anion-exchange 
resins.” By T. V. ARDEN and G. A. Woon. 

‘ Electrometric titration of the sodium salts of deoxyribonucleic acids. Part III. 
The effect of sodium chloride.” By R. A. Cox and A. R. Peacocke. 

‘Synthesis of polycyclic compounds. Part V. The cyclodehydration of 3-benzyl- 
cyclohexanol."” By J. C. BARDHAN and R. C. BANERJEE. 

‘ Reactions of organic azides. Part VI. ‘The interaction of 2-acylbenzoic acids and 
alkylidenephthalides with hydrazoic and sulphuric acids.” By C. L. Arcus and R. E, 
MARKS. 

“ Secondary mechanisms in the halogenation of phenols and aromatic sulphonamides.”’ 
By P. W. ROBERTSON. 

‘Cyclic sulphites derived from the chloropropanediols.” By P. B. D, pe LA Mare, 
W. Kriynye, D. J. Mitten, J. G. Prircnarp, and D. Watson. 

‘Synthesis of 10-methy!-3:4-benzopyrene and 8: 10-dimethyl-3 : 4-benzopyrene.” 
By A. D. CAMPBELL. 

‘The preparation of nitrosoalkanes from alkyl nitrites.”’ By B. G, GOWENLOCK and 
J. TROTMAN. 

‘The determination of small concentrations of alcohols.’ By V. S, Grirrirus and 
D. I. Stock. 

‘ Halogenation in acid solution, The formation of iodoform from malonic acid.” 
By M. G. Brown. 

‘* Aryl-2-halogenoalkylamines. Part XVII. The ultraviolet absorption spectra of 
some 4-(di-2-chloroethylamino)azobenzenes in neutral and acidic ethanol solutions.” 
By W. C. J. Ross and G, P. Warwick. 

“ Aryl-2-halogenoalkylamines, Part XVIII. The rates of reduction of substituted 
4-(di-2 -chloroethylamino)azobenzenes by stannous chloride, hydrazine, and the xanthine 
oxidase~xanthine system.” By W. C. J. Ross and G. P. WARWICK. 

“ The structure of sterculic acid.” By P. K. Faure and J. C. Smrra. 

‘‘ Quantitative aspects of the base-catalysed halogenation of aliphatic ketones. Part 1. 
lodination of methyl ketones.” By C, F. Cutis and M. H. Hast. 

‘‘ Fatty acids. Part IV. The preparation of eight 9: 10; 12 : 13-tetrahydroxystearic 
acids.” By K. E. Buarucna and F. D. Gunstone. 

‘ The atom polarisations of some co-ordination compounds of metals." By (Mrs.), J. 
MacQueen and J. W. Smiru, 

“ An alkaloid of Dioscorea hispida, Dennstedt. Part IIIl. Further investigations on 
the Hofmann degradation."" By A. R. Pinper. 

‘‘ A simple approximation to the resonance energies of aromatic molecules.” By A. L. 
GREEN. 

“ The possible existence of transition-metal complexes of eyclobutadiene,”” By H. C, 
LonGuet-Hicens and L, E. Orce., 

The behaviour of ion-exchange resins with mixed solvents.” By C, W. Davigs and 
8. D. R. Owen. 

“ The adsorption of organic acid molecules and their chromatographic separation on 
ion-exchange resins."" By C, W. Davies and Bb. D. K. Owen. 

‘ The oxidative degradation of sterculic acid."’ By J. P. Verma, BuoLa Natu, and 
J. S. AGGARWAL. 

“ Synthesis of leprapinic acid and constitution of pinastric acid.”” By O. P. Mirrar 
and T. R, SESHADRI. 
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‘1: 2-3: 4-8: 9-10; 11-Tetrabenzopentacene.” By E. Crar, W. Key, and W. G. 
NIVEN, 
“ Antimalarial studies in the pteridine field.’ By M. D. Porrer and T. HENSHALL. 

“ The structure and mechanism of formation of the polymer obtained from cyclo- 
propane by mercury photosensitisation.” By K. J. Ivin. 

“ Triterpenoids. Part XXII. The constitution and stereochemistry of masticadienonic 
acid.” By D. H. R. Barton and E. SEOANE. 

‘‘ Oxidation of dialkyl sulphides and trisubstituted phosphines by dinitrogen tetroxide ; 
molecular addition compounds with dialkyl sulphoxides.” By C. C. Appison and J. C. 
SHELDON, ’ 

The components of wool wax. Part III. 7-Oxocholesterol and the alleged presence 
of cholestanol.”” By A. H. Mirpurn and E. V. Trurter. 

“The components of wool wax. Part IV. The identification of some steroidal 
derivatives.”’ By A. H. Micsurn, E. V. Trurer, and F. P. Wooprorp. 

“ The dinitration of p-di-tert.-butylbenzene.” By F. Bex and K. R. Buck. 

The reactivity of the O-acylglycosyl halides. Part IV. The solvolytic reactions of 
O-acetyl-a-D-glycosyl l-halides in the presence of electrophilic catalysts." By G. L. 
Mattox and G, O, Puicuips. 

“ Complex fluorides. Part VI. The properties of silver salts of fluoro-acids and thei: 
interaction with aromatic hydrocarbons.”" By D. W. A. Suarp and A. G. SHARPE. 

‘ Potential radiosensitizers : some quinones and related compounds.” By K. J. M. 
Anprews, D. H. Marrian and D, R. MAxweLt. 

The synthesis of 2-deoxy-2-fluorotetritols and 2-deoxy-2-fluoro-(--)-glyceraldehyde.”’ 
Ky N. F. Taytor and P. W. Kenr. 

Aluminium tri-soaps.’’ By A. Gitmour, A. JoBLING, and S. M, NELson. 

The preparation of [4C]dimethylamine and [!4C]dimethylnitrosamine.” By Mrs. 
A. H. Dutton and D, F. Hearn, 

 Thiazoles derived from chrysean and isochrysean."” By A. ApaAms and R, SLACK. 

‘ Purines, pyrimidines, and glyoxalines. Part II, New syntheses of some pyrimidine 
nucleosides.” By R. K. RaLpu and G. Suaw. 

“ Triterpenoids, Part XLIX. The constitution of the ester C,,H,,0, obtained by 
oxidation of methyl glycyrrhetate acetate.” By Georce Brown ie and F. 5. Sprine. 

‘ Quaternary ammonium nitrates. Part II. Reactions of nitratoalkyl ethers, amines, 
amides, and urethanes with tertiary amines and related compounds.” By E. S. Lang. 

 Triterpenoids, Part XXIII. The nature of lantadene A.” By D. H. R. Barton, 
P. pe Mayo, and J. C, Orr. 

“Complex fluorides. Part VII. Cuprous salts of fluoro-acids and aromatic hydro 
carbons.” By D. W. A. Snarp and A. G. SHARPE. 

‘‘ Further studies in the dihydroxynaphthalenes,”” By Nc. Pu. Buu-Hol and Denise 
LAVIT 

 Methylnicotinic acids. Part I. Condensation of 2-methyl-6-phenylnicotinic acid 
and its ethyl ester with aldehydes.”” By E. Titrensor and D. G. WIBBERLEY. 

‘Condensation products of phenols and ketones. Part X. The structure of Dianin’s 
compound, a unique inclusion-forming substance.” By Witson Baker, A. J. FLoyn, 
J. ¥. W. McOmie, G. Pore, A. S. Weavinc, and J. H. WILD. 

‘Condensation products of phenols and ketones. Part XI. A rational synthesis of 
Dianin's compound.” By Witson Baker, J. F. W. McOmie, and A. S. WEAVING. 

‘ Stereochemistry of tervalent arsenic compounds, Part II. Optical resolution of 
2-p-carboxyphenyl-5-methyl-1 : 3-dithia-2-arsaindane.”” By I. G. M. CAMPBELL. 

‘Organometallic and organometalloid compounds. Part |. Silicon derivatives of 
2-amino-1 : 3-diphenylerotononitrile."” By R. A. Suaw. 

‘ Triterpenoid constituents of Siphonodon australe Benth. Part |. Ketones of the 
friedelane series." By J. L. Courtney and R. M. GAScoIGNE. 

 Triterpenoid constituents of Siphonodon australe Benth. Part II. Hydroxy- 
ketones and alcohols of the friedelane series,” By J. L. Courtney, R. M. GASCOIGNE, and 
A. Z, SzumER. 


‘' 7-Nitro-l-naphthylamine. Part I. 


coupling; and 1; 2:4: 7-tetrahalogenonaphthalenes.”’ 


and (in part) L. A. Day. 
“ The tropylium ion. Part I. 
By M. J. S. Dewar and R. Pettit. 
‘ The tropylium ion. Part II. 
salts.” By M. J. S. Dewar and R. Pettit. 


‘ Triterpenoids. Part L. The constitution of butyrospermol.”’ 
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Its preparation, halogenation, and diazo- 


By A. Harpy, E. R. Warp, 


Synthesis of tropylium and methyltropylium salts.” 


A further synthesis and some reactions of tropylium 


By D. 5. Irvine, 


WiiiiaM Lawrie, A. S. McNas, and F. S. Sprina. 


“ Oxazolopyridines and oxazoloquinolines. 
of oxazolo(4’ : 5’-3 : 4)pyridine and oxazolo(4’ ; 5’-3 ; 4)quinoline.”’ 


and E. Tirrensor. 


“ Some heterocyclic quaternary dichloroiodides.’’ 


Part I. 2’-Alkyl- and 2’-aryl derivatives 


By JAMES FRASER 


By Frances M. HAMER, 


“An anomalous reaction of 4: 6-dichloro-5-nitropyrimidine.” By F. L. Rose and 


D. J. BRown. 


‘ The synthesis of some indolylalkylamines.”’ 


Evans, and W. A. JONnEs. 
“Steroids and Walden 

coprostanyl halides.”’ 

G. H. R. SUMMERS. 


inversion. 


ADDITIONS TO 


Backer, H. J. Oude chemische wertuigen 
en laboratoria van Zosimos tot Boerhaave. 
J. B, Wolters, 1955. 

(Presented by the Author.) 

Bacon, G. E. Neutron diffraction. O.U.P. 
1955. 

Boreskov, G. K, Catalysis in the sul- 
phuric acid industry. (In Russian.) 1954, 

(Presented by the Academy of 
Sciences of the U.S.S.R.) 

CADLE, R. D. Particle size determination. 
Interscience. 1955. 

CHRISTOFFEL, C, Uber Acylderivate von 
Aminosiuren, Orell Fissli. 1946. 

(Presented by Messrs, L.. Light 
and Company Ltd.) 

Cote, S, W. Cole's practical physiological 
chemistry, 10th ed. Revised and re-written 
by E, Baldwin and D, J. Bell. W. Heffer and 
Sons, 1955, 

(Presented by Dr. D, J. Bell.) 

DENBIGH, K. The principles of chemical 
equilibrium, with applications in chemistry 
and chemical engineering. C.U.P. 1955. 

DEPARTMENT OF SCIENTIFIC AND INDUs- 
TRIAL RESEARCH. A brief review of science 
and technology in Western Germany. 
H.M.S.O, 1955. (Presented by D.S.I.R.) 

Deryacin, B. V., and Krorova, N. A. 
Adhesion. (In Russian.) 1949, 

(Presented by the Academy of 
Sciences of the U.S.S.R.) 

FRANK-KAMENETSKH, D. A. Diffusion 

and heat exchange in chemical kinetics. 


Part 
By R. J. Bripcwarer, D. N. Jones, C. 


By D. E. Ames, R. E. Bowman, D. D. 
XXXIII. The configurations of the 
W. Snoprrr, and 


THE LIBRARY 


(Translated by N, Thon.) 
sity Press. 1955, 

FRIEDLANDER, G., and KENNEDY, J. W. 
Nuclear and radiochemistry. Wiley, 1955. 

GURNHAM, C, F, Principles of industrial 
waste treatment. Wiley. 1955, 

HiLGer AND WatTTs Lip, The analysis 
of aluminium and its alloys with the direct 
reading attachment to the medium spectro 
graph. Hilger and Watts Ltd. 1955, 

(Presented by the Publishers.) 

INGRAM, D. J. E. Spectroscopy at radio 
and microwave frequencies, Butterworths 
1955. 

INTERNATIONAL COMMISSION FOR UNI 
FORM METHODS OF SUGAR ANALYSIS, Re 
port of the proceedings of the llth session, 
held ... Paris .. . 1954, ICUMSA. 1956. 

(Presented by the Publisher.) 

Jensen, E. H. A study on sodium boro 
hydride, with special reference to its analytical 
application in organic chemistry. Arnold 
Busck. 1954, 

Kitalcoropskil, A. 1. Organic crystallo 
chemistry. (In Russian.) 1955, 

(Presented by the Academy of 
Sciences of the U.S.S,.R.) 

LocutTe, H. L., and Littmann, E, R. 
The petroleum acids and bases, Chemical 
Publishing Co, 1955, 

McQuILLAN, A, 
M. K. Titanium. 
metals, No. 4.) Butterworths, 


Princeton Univer 


D., and McQuiLian, 
(Metallurgy of the rarer 
1956, 
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Sactentn 2 ate 


MetcaLr, |R. L. 
Inter- 


their chemistry and mode of action. 
science, 19565. 

Mixes, F. D. A history of research in the 
Nobel Division of L.C.I, Imperial Chemical 
Industries Ltd., Nobel Division. 1955. 

Nesmyanov, An. N., Lapirsxil, A. V., 
and Rupenko, N. P. Preparation of radio- 
active isotopes, (In Russian.) 1954. 

(Presented by the Academy of 
Sciences of the U.S,S.R.) 

N.V. KONINKLIJKE NEDERLANDSCHE 
SPRINGSTOFFENFABRIEKEN. ‘The nitration 
and the denitration of cellulose nitrates. II, 
X-ray investigation, By J. Trommel. 1955, 

(Presented by the Publisher.) 

N.V. KONINKLIJKE NEDERLANDSCHE 
SPRINGSTOFFENFABRIEKEN. The nitration 
and the denitration of cellulose nitrates, I. 
By G, de Bruin and C, H, D, Witte. 1955, 

(Presented by the Publisher.) 

ORGANIZATION FOR EUROPEAN ECONOMIC 
CO-OPERATION, European Productivity 
Agency. Function and training of the chemi- 
cal engineer ; international conference held in 
London from 2Ist to 23rd March, 1955. 
O.F.E.C, 1965, (Presented by the Publishers.) 

Ossorn, G, H, Synthetic ion-exchangers. 
Chapman and Hall, 1966. 

PAULI, W., ROSENFELD, L., and WeEtss- 
Korr, V. (Eds.), Niels Bohr and the develop- 
ment of physics: essays dedicated to Niels 
Bohr on the occasion of his seventieth birth- 
day, Pergamon Press, 1955. 

Progress in biophysics and biophysical 
chemistry. Vol. 6, Edited by J. A. V. Butler. 
Pergamon Press, 1966. (Presented by 

Professor J. A. V. Butler.) 

Remy, H, Treatise on inorganic chemistry. 
Translated by J. A. Anderson, Edited by J. 
Kleinberg. Vol, 1. Introduction and main 
groups of the Periodic Table, Elsevier. 1956. 

Rocovin, Z, A., and SuoryGina, N, N. 
Chemistry of cellulose and its admixtures. 
(In Russian.) 1953, 

(Presented by the Academy of 
Sciences of the U.S.S.R.) 


SCHOELLER, W. R., and Powel, A. R. 
The analysis of minerals and ores of the rarer 
elements, 3rd ed., revised by A. R. Powell. 
Griffin. 1956. 

SHEDLOVSKY, T. (Ed.), Electrochemistry 
in biology and medicine. Wiley. 1955, 

Szjny1, G. I. Ueber Anhydride von 
Aminosduren, 11. Versuch der Synthese von 
optisch aktiven Hydraziden. H. Hasch. 
1944. (Presented by 

Messrs. L. Light and Company, Ltd.) 

UniTep States Atomic ENERGY Com- 
MISSION, Chemical processing and equip 
ment. McGraw-Hill. 1955. 

U.S. DEPARTMENT OF COMMERCE. Na- 
tional Bureau of Standards, Circular 564. 
Tables of thermal properties of gases, U.S 
Govt. Printing Office. 1955. 

(Presented by the Bureau of Standards.) 

U.S.S.R. ACADEMY OF SCIENCES.  Ses- 
sion of the Academy on peaceful uses of 
atomic energy, July, 1955. Vol. 1. Chemistry 
division. Vol, 2. Physics and mathematics 
division, Vol. 3. Technical division. Vol. 4. 
Biology division, Vol. 5, Plenary meeting. 
(In Russian, with English summaries.) 1955. 

(Presented by the Academy.) 

VAN RYSSELBERGHE, P, Electrochemical 
affinity : studies in electrochemical thermo 
dynamics and kinetics. Hermann, 1955, 

(Presented by the Author.) 

Wats, T. E,. ‘Textbook of pharma- 

cognosy, 3rd ed, Churchill, 1955, 
(Presented by the Author.) 

Wuite, D. W., jun., and Burke, J. E. 
(Eds.). The metal beryllium. American 
Society for Metals. 1955. 

Wison, E. B., yun., Dectus, J. C., and 
Cross, PC. Molecular vibrations : the theory 
of infrared and Raman vibrational spectra. 
McGraw-Hill. 1965. 

ZIMMERMAN, O. P., 


and Lavine, I. 
Chemical engineering laboratory equipment. 


2nd ed. Industrial Research Service, Inc. 


1955. 


LOCAL REPRESENTATIVES OF THE CHEMICAL SOCIETY 


Aberdeen. 
Australia, 
Birmingham. 
Bristol. 
Cambridge. 
Canada, 
Ceylon. 
Edinburgh. 
Exeter. 
Glasgow. 


Hull. 
India, 


Irish Republic. 


Leeds. 
Liverpool. 


Manchester. 


Newcastle and 
Durham, 


New Zealand. 


Northern Ireland, 


North Wales. 
Nottingham, 
Oxford. 


Pakistan. 


St. Andrews and 


Dundee. 
Sheffield. 


South Africa. 
Southampton, 
South Wales. 


R. H. Thomson, Ph.D., F.R.1.C., Chemistry Department, The University, Old 
Aberdeen. 


Dr. K. H. Pausacker, Chemistry Department, University of Melbourne, 
Carlton, N. 3, Victoria, Australia. 

J. C. Tatlow, B.Sc., Ph.D., Department of Chemistry, The University, 
Edgbaston, Birmingham, 15. 

P. Woodward, B.Sc., ~ Chemistry Department, The University, 
Woodland Road, Bristo 

R. N. Haszeldine, B.Sc., a. Ph.D., University Chemical Laboratory, Pem- 
broke Street, ag ig 

Professor J N. Jones, M.Sc., Ph.D., A.R.LC., Queen’s University, 


Kingston, ‘Gata. 
Department of Chemistry, 


M. U. S. Sultanbawa, B.Sc., A.R.L.C., 


Ph.D., 


The University, Colombo, Ceylon. 
G. Pa, ee edie B.Sc., Ph.D., Chemistry Department, King’s Buildings, West 
Edinburgh. 


fe, Schofield, B.Sc., Ph.D., F.R.1.C., Department of Chemistry, The 
University, Exeter. 

D. S. Payne, B.Sc., Ph.D., A.R.1.C, Chemistry Department, The University, 
Glasgow, ‘V.2. 

G, W. Gray, B.Sc, Ph.D., Chemistry Department, The University, Hull, 

Professor T. R. Seshadri, M.A., Ph.D., F.R.1.C., Department of Chemistry, 
The University, Delhi, India. 

D. O Tuama, M.Sc., Ph.D., F.1.C.I., Medical Research Council of Ireland, 
The Laboratories, Trinity College, Dublin, 

E. Rothstein, Ph.D., D.Sc., A.R.C.S., Organic Chemistry Department, The 
University, Leeds, 2. 

A. K. Holliday, B.Sc., Ph.D., ~ \paememe of Physical and Inorganic Chem- 
istry, The niversity, Liverpoo 

D. W. Broad, Ph.D., A.R.1.C., Imperial Chemical Industries Limited, 
General Chemicals Division, Cunard Building, Liverpool, 3 

G. R. Barker, B.Sc., Ph.D., Chemistry Department, The University, 
Manchester, 13. 

A. C. Farthing, M.A., B.Sc., Imperial Chemical Industries Limited, Hexagon 
House, Blackley, Manchester, 9. 

G. A. Swan, D.Sc., Ph.D., F.R.LC., 
College, Newcastle-on-Tyne, 1. 

Professor S, N. Slater, M.Sc., D.Phil., A.R.LC., Chemistry Department, 
Victoria University College, Wellington, New Zealand, 

R. G, R. Bacon, PhD., A.R.C.S., Chemistry Department, 
University, Belfast. 

J. E. McKail, Ph.D., Department of Chemistry, University College of North 
Wales, Bangor. 

C. C, Addison, D.Sc., Ph.D., F.R.1.C., Chemistry Department, The University, 
University ‘Park, Nottingham. 

L. A. K. Staveley, M.A., Inorganic Chemistry Laboratory, South Parks 
Road, Oxford. 

M. I. D. Chughtai, M.Sc.Tech,., Ph.D., A.R.LC., Punjab University Institute 
of Chemistry, The Mall, Lahore, Pakistan. 

C. Horrex, M.Sc., Ph.D., Chemistry The University, 


" 
ig Tyrrell M.A., B.Sc., Chemistry Department, The University, 


Professor F, L. Warren, Ph.D., F.R.LC., ment of Chemistry, 
University of Natal, P.O. Box 375, Pietermaritzburg, South Africa. 


N. B. Chapman, M.A., Ph.D., Department of Chemistry, The University, 


Southampton. 
K. W. Sykes, M.A., B.Sc., D.Phil., Department of Chemistry, Universi 
College, Singleton Park, Swansea. 7 
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PROCEEDINGS 
OF THE 


CHEMICAL SOCIETY 


SCIENTIFIC MEETINGS DURING JUNE, 1956 
LONDON. 
Thursday, June 7th, 1956, at 7.30 p.m. 


Centenary Lecture, Present Status of the Transuranium Elements, by Professor 
G. T. Seaborg. To be held at Burlington House. 


LIVERPOOL. 
Tuesday, June 5th, 1956, at 5.30 p.m. 


Centenary Lecture, The Transuranium Elements, by Professor G. T. Seaborg. 
Joint meeting with the Royal Institute of Chemistry, the Society of Chemical 
Industry, the British Association of Chemists, and the University Chemical 
Society, to be held in the Chemistry Lecture Theatre of The University. 


OFFICIAL ANNOUNCEMENTS 


DEATHS. 


The Council regrets to announce the deaths of the following Fellows : 


Harold King (West Parley) (C. 1928—381) 


James Cruickshank Smith (Chester) 
James King Steel (Paisley 


John Keginald Harvey Whiston (Swindon) — 


CONGRATULATIONS. 


Elected. Died. 
Dec. 7th, 1911. Feb. 20th, 1966. 
—_ 17th, 1903. Feb. 2nd, 1956. 
feb. 16th, 1933. Feb. 18th, 1956. 
Feb. 20th, 1941. Feb, 28th, 1956. 


The President has conveyed the congratulations of the Society to the following Fellows 
who were elected to the Fellowship of the Royal Society on March 15th, 1956 : 
Richard Maling Barrer (London). 
jo ohn Alfred Valentine Butler (London). 
charles William Shoppee (Swansea). 
The President has also conveyed the congratulations of the Society to Mr. Brougham 
Young (London), who completed 70 years of Fellowship on March 4th, 1956. 


ELECTION OF NEW FELLOWS. 


The following 84 candidates were elected Fellows of the Society on March 15th, 1966 : 


Edward McIntosh Acton. 
Krishna Sastri Aghoramurthy. 
Kobert Leo Augustine, 


Brian Charles win. 
ames Edmund Banfield. 
ichael Barber. 


Lindsay Michael Birt. 
Edward George Brain, 
ar Theodore Braunholtz. 
tric Bullock, 
(oorne Anthony Cade. 
inslow Spaulding Caughey. 
Robin John Cave. 
Harald Conroy. 
Peter John Couzens, 
Alexander Dennis Cross, 
— Wiliam Crump. 
Xostyslaw Dowbenko 
Michael John Duell. 
Nicholas John Earl. 
Elisha Ehazer Edwin. 
Keith Elliott. 
Richard Leslie Erskine. 
Harry Fazakerle 
Stephen Powell Findlay. 
ohn Leslie Frahn. 
‘hristopher Friedrich Garbers. 
E auned Greenhalgh, 
ae Thomas Hackmann. 
‘loyd Dudley Hamilton. 
Ernest Roland Harry. 
Brian John Hathaway. 
Charles Geoffrey Haynes. 
Thelma Marlow Herrington. 
Walter Colston Howell. 
Bjorn Frederick Hrutfiord. 
Yoshitsugu Ikeda. 
Paul Raymond Jones. 
nes avid Jordan, jun. 
Aubrey Knowles. 
Odon cae ozsef Kovacs. 
Robert Wilson Lambert. 


aoe Harris Levin. 
Gordon Lloyd. 
i + —— 

dilary McNicoll 
B Teresa Magee. 
Khursheed K. A. Marker. 
Burton S, Marks, 
Satoru Masamune. 
Gerald William John Matthews. 
Olof Mellander. 
— Ernest Middleton. 
Nicholas Miller. 
Thomas Aloysius O'Donnell. 
David Brian Pantall. 
Basil Charles Patterson. 
Theodore Michael Poynder. 
Ernest Noel Pullom, 
Gordon Read, 
Beryl Rickard. 
Ann Elisabeth Robinson. 
Thomas Owen Kyland. 
Eliseo Seoane. 
Elliot L. Shapiro. 
Christopher Temes Sharpe. 
Muhammed Siddiqueullah. 
Henry Beall Sinclair. 
Leonard Smith. 
Parithychery Rengaswamy Srinivasan, 
Robert A. Stein. 
Rune Leonard Stjernholm. 
Pee Bailie Stothers. 

Jaf Suddaby. 
Witold Szatkowski. 
Elsie May Tanner. 
Kenneth John Taylor. 
Clifford Francis Thompson. 
Eero Akseli Tommila. 
John William Wells. 
Albert Peeris Wickramasingha. 
David Ian Wilkinson. 
Lavinia aeey Olive: Wootton. 
Alexander Wylie. 
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ELECTIONS TO COUNCIL, 1956-57. 

At the Annual General Meeting held on March 27th, 1956, at the University of 
Nottingham, the election of the following to vacancies on the Council for 1956—57 was 
announced : 


President. 
Professor E. L. Hirst. 


Honorary Secretary. 
Dr. J. Chatt. 


Vice-Presidents who have not filled of the Office of President. 
Professor E. D. Hughes. 


Elected Ordinary Members of Council : 
Constituency I (South-East England). 
Professor R. M. Barrer. 
Dr. G. W. Kenner. 
Dr. A. Maccoll. 
Mr. L. A. K. Staveley. 


Constituency II (Central and South-West England and South Wales). 
Professor A. G. Evans. 


Constituency IV (North-East England). 
Professor L. Hunter. 
Professor B, Lythgoe. 


LOCAL REPRESENTATIVES. 
The following appointments have been made : 


Manchester; Dr. H. B. Henbest in place of Dr. G. R. Barker. 
Newcastle and Durham: Dr. F. J. McQuillin and Dr. G. Kohnstam to act jointly 
in place of Dr, G. A. Swan. 
South Wales: Dr. A. R. Pinder and Mr. R. H. Davies to act jointly in place of 
Dr. K. W. Sykes. 


The President has conveyed the thanks of the Council to the retiring Local Represent- 
atives for their services to the Society. 


SYMPOSIUM ON CHEMISORPTION. 

A Symposium on Chemisorption will be held from July 17th to 19th at the University 
College of North Staffordshire, Keele, Staffs. Accommodation will be available in the 
University College for Fellows attending the meeting from the evening of Monday, July 16th, 
until after lunch on Thursday, July 19th, at an approximate cost of {3 15s. per person, 

The complete list of contributors is not yet available, but it has been arranged that the 
Symposium will consist of five sessions with time for formal and informal discussions. 
The following have consented to act as Chairmen of the various sessions: Theory 
Professor W. E. Garner, C.B.E., F.R.S.; Metals—Professor D. D. Eley ; Semi-conductors— 
Dr. F. S. Stone; Carbon-——Professor W. F. K. Wynne-Jones; and Insulators—-Mr. D. A. 
Dowden. 

Plans for publication of the Symposium are under discussion and full details of the 
arrangements, together with forms of application, will be sent to Fellows as soon as they 
can be made available. 


LIBRARY—WHITSUN HOLIDAY. 
The Library will be closed for the Whitsun holiday on Monday and Tuesday, May 21st 
and 22nd, 1956 


40 


SECOND WORLD METALLURGICAL CONGRESS. 

Fellows of the Society are invited to take part in the Second World Metallurgical Congress 
to be held in Chicago, Illinois, from November 2nd to 8th, 1957. Details of the Congress 
can be obtained from Mr, W. H. Eisenman, Secretary, American Society for Metals, 7301 
Euclid Avenue, Cleveland 3, Ohio, U.S.A. 


LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objection to the election of these candidates should communicate with the 
Honorary Secretary within ten days of the date of publication of the Journal for April, 1956. Such objections 
will be treated as confidential. The forms of application ave available in the Library.) 


Abbey, Frank, 13.A. (Cantab.). British, 48, Spencer Avenue, Earlsdon, Coventry, Warwicks. Re- 
search Chemist with Courtaulds, Ltd, Signed by: A. Rutherford, A. V. Parke. 

Arndt, Reinhard Richard, B.Sc. (S. Africa), M.Sc. (Orange Free State). South African. N.C.R.L., 
P.O. Box 395, Pretoria, South Africa. Research Assistant. Signed by: D. Use, D. H. S. Horn. 

Arris, John, P.Sc. (Dunelm). British. 14, Jesmond Park West, Newcastle upon Tyne, 7. Research 
Student at King's College, Newcastle upon Tyne. Signed by; J. G. Buchanan, J. Baddiley. 

Aubrey, Derek Wilfred, .Sc. (Sheffield). British, 9, Kenerne Drive, Barnet, Herts, Research 
Chemist with Adhesive Tapes, Ltd., Borehamwood. Signed by; P. L. Williams, G. A. Dawe. 

Baines, Neville John. British, 90, Lord Street, Fleetwood. Student at Sheffield University. Signed 
by: Hi. J. V. Tyrrell, A. H. Lamberton, 

Baum, George, 13.5. (Case Inst. of Tech.). American. 4532, Var Hills Avenue, Apt. 3, Dayton 9, 
Ohio, U.S.A. Chemist with Wright Air Development Center, Ohio. Signed by; H. D, C, Hill, 
H. Rosenberg. 

Bean, Neville Ernest. [ritish. 28, Blackfriars Road, Gt. Yarmouth, Norfolk. Student at Oxford 
University. Signed by: H. Irving, R. E. Richards. 

Beard, Colin Charles, .Sc. (Lond.). British. 49 Abbotsford Avenue, West Green, London, N.15. 
Research Student at Queen Mary College, London, Signed by: W, J. Hickinbottom, M. S, Grant. 

Beaton, John Moody, B.Sc. and Ph.D. (Glas.). British. c/o 86, Seedhill Road, Paisley, Renfrewshire. 
Research Assistant at The Royal Technical College, Glasgow. Signed by: F.S. Spring, R. Stevenson. 

Biggs, John, B.A. (Cantab.), British, Downing College, Cambridge. Research Student. Signed 
by: G. W. Kirby, R. Bonnett, 

Bjerram, Jannik, Dr.Phil. (Copenhagen), Danish. Kemisk Laboratorium A, Danmarks tekniske 
Hojskole, Solvgade 83, Kobenhavn K, Denmark. Professor of Chemistry. Signed by: S. Veibel, 
G, Ostrup 

Brooks, Jean Winifred, .Sc. (Lond.), British. 4, The Mead, Nazeing New Road, Broxbourne, Herts. 
Research Student, Signed by; M. M. Harris, D. M. Hall, 

Brown, Anne Frances, British. 5, Kast Terrace, Budleigh Salterton, E. Devon. Student at Nottingham 
University. Signed by; C. C, Addison, H. Booth, 

Brown, Frank, Sc. (Dunelm), British. 111, Durham Road, Stockton-on-Tees. Industrial Chemist. 
Signed by: T. N, Bell, D. Wright. 

Brown, Patricia Margaret, B.Sc. (Aberd.). British. 3, Bath Road, Bedford Park, London, W.4. 
Research Student. Signed by: E, A. Braude, M. Whalley. 

Brown, Stanley Sidney, B.Sc. (Lond.). British. 186, Camberwell Road, London, S.E.5. Research 
Student at Queen Mary College, London. Signed by: M. F. Ansell, R. F. Hudson. 

Bujwid, Zdzislaw Jan, B.Sc. (Lond.). Polish. 18, Ribblesdale Road, London, N.8, Postgraduate 
Research Student, Signed by; W. Gerrard, J. A. Blan. 

Bunfield, Leslie, 4.Sc. (Sheffield). British. King Edward VI Grammar School, Stourbridge, Worcs. 
Chemistry Master. Signed by; S. J. Featherston, P, H. Carter, 

Cantion, Ian James. Irish. 28, Trinity College, Dublin. Student. Signed by: W. Cocker, T. B. H. 
McMurry. 

Carson, James Frederick. Irish. 4, Airfield Road, Rathgar, Dublin, Eire. Student at Trinity College, 
Dublin. Signed by: W. Cocker, T. B, H. McMurry. 

Case, John Reginald. British. 10, Cheyne Gardens, Liverpool 19, Student at New College, Oxford. 
Signed by: L. A. K, Staveley, A. 5, Bailey. 

Chaplin, Anne Elizabeth Marie, 8.Sc. (Lond.). British, 2, Pretoria Road, Streatham, 5.W.16. Tech- 
nical Assistant with British Celanese. Signed by: M. H. Randall, R. Fisher. 

Clarke, John Shipley, B.A. and B.Sc. (Oxon.). British. 94, Waterloo Koad, Bramhall, Stockport, 
Cheshire. Student Teacher. Signed by; H. Irving, C. S. G. Phillips. 

Clarkson, Richard, B.Sc. (Manc.). British. 37, Chapel Street, Barnoldswick, Colne, Lancs. Research 
Student, Signed by; L. A. K. Staveley, H. Smith. 

Cogliano, Joseph A., 8.5. (Brooklyn). American. Graduate College, Princeton University, Princeton, 
N.J., U.S.A. Graduate Student, Signed by; E. C. Taylor, jun., R. K. Hill. 
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Corpe, Thomas William, B.Sc. (Lond.). British. 88, Aldborough Road, Seven Kings, Iford, Essex. 
Development Chemist. Signed by: G. A. Weeks, R. G. Mason. 

Cross, Kenneth Nelson, A.R.I.C. British. 54, Highgate West Hill, Highgate Village, London, N.6. 
Research Chemist with Messrs. Carreras, Ltd., London, N.W.1. Signed by: E. de B. Barnett, 
R. F. Branch. 

Dawkins, Arthur William, B.Sc. (Lond.). British. 62, Carve Ley, Welwyn Garden City, Herts. 
Organic Research Chemist. Signed by: J. F. Grove, T, P. C, Mulholland. 

Henri, Dr.sc.nat. (E.T.H., Zurich). Swiss. 46, Buckingham Avenue, Feltham, Middlesex. 
Research Chemist with Parke-Davis & Co., Hounslow. Signed by: A. Campbell, E. N. 
Morgan. sia 

Dixon, Kenneth. British. 27, Alpha Street West, Salford 6, Lancs. Student. Signed by; J. R. 
Yates, P. G. Ashmore. 

Dennis Albert, B.Sc. (Bris.). British. 5, Crooksbarn Lane, Norton, Stockton-on-Tees. 
Technical Officer. Signed by: W. E. Garner, F. H. Pollard, 

Drake, John Michael Francis. British. The Queen's College, Oxford. Undergraduate. Signed by: 
L. A. K. Staveley, J. W. Linnett. 

Dyall, Leonard Kenneth. Australian. 137, Cleeland Street, Dandenong, Victoria, Australia, Student. 
Signed by: J. G. Scroggie, B. M. Lynch. 

Arthur Raymond Gordon, M.S.A. (Toronto), D.Sc. (Aberd.). Canadian. Chemistry Division, 
Science Service, Department of Agriculture, Ottawa, Canada. Chief of Chemistry Division. Signed 
by: O. E. Edwards, E. W. R. Steacie. 

Fleifel, Abdallah Mohamed, M.Sc. and Ph.D. (Cairo), Egyptian, Chemistry Department, Facuity of 
Science, Cairo University, Giza, Egypt. Lecturer. Signed by: M. 1. Ali, M. A. Galaby. 

Foster, Gordon, B.Sc. (Lond.). 17, Penywern Road, Earls Court, 5.W.5. Research Student, Signed 
by: W. J. Hickinbottom, M. S. Grant. 

Fraser, James, B.Sc. (Lond.), A.R.LC. British. 45, Barden Road, Woodthorpe, Nottingham. Re- 
search Chemist. Signed by: G. R. Whalley, C. A. Bartram. 
Friend, John, B.Sc. and Ph.D. (Liv.), British. Low Temperature Research Station, Downing Street, 
Cambridge. Civil Service Junior Research Fellow. Signed by; P. A. T. Swoboda, B, Coleby. 
Garside, John Herbert. British. 114, Sturdee Avenue, Gillingham, Kent. Student. Signed by; 
R. F. Garwood, M. J. S. Dewar. 

Gill, Edward William, B.A. (Oxon.). British. 30, Kilner House, Clayton Street, Kennington, S.E.11. 
Research Student at Corpus Christi College, Oxford. Signed by: D. L1. Hammick, A. S. Bailey. 

Gilreath, Esmarch Senn, M.A. and Ph.D. (North Carolina). American, Department of Chemistry, 
Washington and Lee University, Lexington, Virginia, U.S.A. Professor and Head of Chemistry 
Department. Signed by: A. Roe, J. F. Bunnett. 

Goodburn, Terence George, B.Sc. (Sheffield). British. 164, Heath Road, Hounslow, Middlesex, 
Development Chemist. Signed by: D. S. Morris, L. G. Smith. 

Gregor, Ian Kelvin, B.Sc. (New England). Australian, c/o N.S.W. University of Technology, Broad- 
way, Sydney, Australia. Assistant Chemist with the Metropolitan Water Board. Signed by: 
R. L. Martin, C. M. Harris. 

Hardie, Norman Francis. British. 15, Leopold Street, Leeds, 7. Clerical. Signed by: E. Rothstein, 
W. A. Wightman. 

Harvey, Stephen Henry, B.Sc. and Ph.D. (Lond.). British. 122, Knighton Road, Leicester, Lecturer 
at University College, Leicester. Signed by: R. W. Bott, N. Macleod. 

Haslam, Edwin, B.Sc. and Ph.D. (Sheffield). British. 22, Great North Road, Welwyn Garden City, 

. Research Student. Signed by: J. Haslam, RK. F. Webb. 

Herbert, John Richards, B.Sc. (Bris.). British. 6, Osborne Road, Clifton, Bristol, 8. Research 
Student at Bristol University. Signed by: W. D. Ollis, W. Baker, 
Gordon, B.Sc. (Duneim), A.R.I.C. British. 7, Eastfield Avenue, Monkseaton, Whitley 
Bay, Northumberland. Research Chemist. Signed by: P. L. Robinson, G. A. Swan. 

, Ivan Andrew, B.A. (Oxon.). British. Wadham College, Oxford. Student. Signed by, 
L. A. K. Staveley, N. Poigar. 

Howarth, Joseph Simeon, 8.S5c. (Birm.), A.R.IL.C. British. 110, Newhall Street, Cannock, Stafis, 
Scientist with the National Coal Board, Cannock. Signed by; E. J. Bourne, J. C. Tatlow. 

Jackson, Andrew Walter. Hritish. 13, Blacket Avenue, Edinburgh, 7. Student. Signed by: G. O. 
Aspinall, D. Taylor. 

Jain, Amolak Chand, M.Sc. and Ph.D. (Delhi). Indian. University Chemical Laboratory, Pembroke 
Street, Cambridge. Research student. Signed by: G. W. Kenner, S. Varadarajan. 

Jain, Megh Kumar, M.Sc. (Panjab). Indian. c/o Departmert of Organic Chemistry, The University, 
Glasgow, W.2. Student. Signed by: T. Cohen, K. H. Overton. 

Johnson, Leslie Cyril, B.A. (Cantab.). British. 20, Bergholt Crescent, London, N.16. Research 
Student at Cambridge University. Signed by: J. Harley-Mason, FP. B. Kipping. 

Johnston, Eric, B.A. (Oxon.). British. 64, Herschel Street, Everton, Liverpool, 5. Research Student. 
Signed by: L. A. K. Staveley, D. Li, Hammick. 

Johnston, Vera, B.A. (Oxon.). British. 27, Swaledale Gardens, High Heaton, Newcastle upon Tyne, 
7. Research Chemist with B.C.U.R.A., Leatherhead, Surrey. Signed by: D. Hodgkin, P. H. 


Given. 
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Jones, William Arthur, B.Sc. (Lond.), A.K.LC. British. 26, Brainton Avenue, Feltham, Middlesex. 
Kesearch Chemist with Messrs. Parke-Davis & Co., Hounslow. Signed by: A. Campbell, E. N 
Morgan i 

Kirkaldy, David. Jsritish. 17, Industrial Street, Pelton, Chester-le-Street, Co. Durham. Student 
Signed by: &. E. Ford, W. 2. Addison. 

Lauder, lan, M.Sc. (New Zealand), Ph.D. (Manc.), D.Sc. (Queensland). Chemistry Department, Uni- 
versity of Queensland, Brisbane, Australia. Associate Professor of Chemistry. Signed by: T.G.H 
Jones, 1. K, Wilson. 

Lawrance, Derek Robert, A.K.1.C. British. 25, Poplar Road, Croesyceiliog, Cwmbran, Monmouth- 
shire. Research Chemist. Signed by: K. Butler, W. A. W. Cummings. 

Lee, John David, 13.Sc. (Nott.). British. 58, Ribby Road, Kirkham, Preston, Lancs. Student 
Signed by: VY. C. Laxton, A. BR. Mathieson. 

Logan, Norman. Hritish. 11, Queens Road, Shipley, Yorks, Student at Nottingham University 
Signed by; ©, C, Addison, J, C, Roberts. 

Lord, George Harry, 8.5¢.(Lond.). British. 25,de Bohun Avenue, Southgate, London, N.14. Research 
Student, Signed by; I. L. Finar, A. B. Simmonds, 

Lukes, Robert Michael, ?h.D), (Notre Dame). American. 1928, Dean Street, Schenectady 9, New 
York, U.S.A. Research Associate at the General Electric Co. Signed by: IL. S. Bengelsdort, 
G. A, Russell 

McCaldin, Denis James, B.Sc. (Nott.). British. 16, Barrack Lane, The Park, Nottingham. Research 
Student. Signed by; A. W, Johnson, W. E. Addison. 

. Phillip Pleydell, M.A. and Ph.l). (Cantab.). British. 150, Marshalswick Lane, St, Albans, 
Herts, Kesearch Chemist. Signed by: B. Mills, J. A. Fendley. 

March, Peter James, B.Sc. {iond.), A.R.LC. British. c/o Egham Technical Service Laboratories, 
Whitehall Lane, Egham, Surrey. Laboratory Manager. Signed by; W. B. Hawes, F. J. Parmenter. 

Markham, Edward. [ritish. 83, Lady Bay Road, West Bridgford, Nottingham. Student. Signed 
by: C, C, Addison, T, J. King. 

Marnef, Louis. [iclgian. Vakkelstraat 45, Hoboken, Belgium. Technical Manager at Manufacture 
Belge de Rubans & Carbones, S.A., Antwerp. Signed by; A. Brewer, R. L. Barker. 

Miles, David Hugh. British. Connaught Hall, Torrington Square, London, W.C.1. Student. Signed 
by: A. Maccoll, E. D, Hughes. 

Mill, Theodore, 8.5. (Wayne), American. Chemistry Department, University of Washington, Seattle 
5, Washington, U.S.A. Graduate Student, Signed by: W. M. Schubert, K. B. Wiberg. 

Miller, Glyn, 8.A. (Oxon.). British. c/o Haventree, Kidderminster Road South, West Hagley, Stour- 
bridge, Worcestershire, Research Chemist with Messrs. Albright & Wilson, Ltd. Signed by: 
G. D, Parkes, P. H. Carter, 

Morris, Graeme Crocker, B.Sc, (Sydney). British. Christian Brothers’ Training College, Strathfield, 
N.S.W., Australia, Teaching Fellow of the Chemistry School of the University of Sydney, Signed 
by: 1. G. Ross, L. E. Lyons. 

Moult, Peter Eric Geoffrey, B.A. (Oxon.). British. 13, St. Thomas’ Drive, Hatch End, Middlesex. 
National Serviceman. Signed by; H.W. Thompson, E. J. Bowen, 

Muir, William MoClement. British. Mileburn House, 53, Ashton Road, Gourock, Renfrewshire 
Student. Signed by; D, S, Payne, G. L, Buchanan. 

Nelson, Robert Livingston, British. 54, Middleton Road, Uphall, Broxburn, West Lothian. Student 
at Edinburgh University. Signed by: J. H. Knox, G, O, Aspinall. 

Nickels, Eileen Dorothy. British. Lynwood, 1208, London Road, Norbury, London, S.W.16. Assistant 
Chemist and Secretary, Signed by: H. E. Nickels, 5, A. Ashmore. 

O hEocha, Colm, M.Sc. (N.U.L.), Ph.D. (California), Irish. University College Galway, Ireland 
Lecturer, Signed by: P. O Colla, E. Lee. 

Parish, Richard Vernon, 3.Sc.(Lond.). British. 59, The Avenue, Wembley Park, Middlesex. Student 
at University College, London. Signed by; P. W. C. Barnard, R. 5. Nyholm. 

Paton, Cumming, 13.Sc. (Aberd.). British. 18, Carden Place, Aberdeen. Research Student. Signed 
by: R. H. Thomson, R. L. Hardie. 

Paul, Albert Pater, 5. S, (Penna.), M.A. (Swarthmore Coll.), Ph.D. (Columbia), American, 938, Park 
Avenue, Plainfield, New Jersey, U.S.A. Research Chemist. Signed by: W. L. Mosby, D. W. 
Hein 

Geoffrey Howard. British. Moorhurst, Grindleford, Nr. Shetticld. Undergraduate at 
Sheffield University, Signed by: J, Lewis, R. G, Wilkins. 

Pinot de Moira, Peter Jules, B.Sc. (Lond.), A.K.1.C. British. 67, Monkhams Lane, Woodford Green, 
Essex. Research Chemist. Signed by: R. P. Royer, A. Tyrrell. 

Price, Anthony Lioyd, B.A. (Oxon.). British. 30, Stile Road, Headington, Oxford. Student. Signed 
by: L. A. K. Staveley, D. Ll. Hammick, 

Price, Charles C., Ph.D. (Harvard). American. Department of Chemistry, University of Pennsylvania, 
34th and Spruce Streets, Philadelphia 4, Pa., U.S.A. Blanchard Professor of Chemistry, Signed 
by: P. George, J, O'M, Bockris. 

Raphael, John George. British. 55, London Road, Ipswich, Sutiolk. Laboratory Assistant with 
LC.1,, Ltd. (Paints Division), Signed by: W. H. Ferguson, R, Simpson. 
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Raynor, John Barrie. British. 21, Hillington Gardens, Woodford Green, Essex. Student. Signed 
by: C. C. Addison, H. Booth. 

Reid, Allen Forrest, M.Sc. (New Zeaiand). British. 35, Tasmania Circle, Canberra, A.C.T., Australia. 
Research Scholar. Signed by: C. J. Wilkins, J. R. Richards. 

William , B.S. (Michigan). American. Chemistry Department, Columbia University, 
New York 27, New York, U.S.A. Graduate Student. Signed by: RB. R. Wittekind, R. A. L. Wilson. 
Arnold, B.Sc. (Lond.). British. 31, Portland Rise, London, N.4. Student. Signed by; 
R. F. Hudson, I. Stelzer. 
Donald Maleolm. British. Westgate Street, Southery, Downham Market, Norfolk. 
Student. Signed by; A. R. Mathieson, C. C. Addison. 

Salama, Adib, B.Sc. (Cairo), M.Sc. (Alexandria), Ph.D. (Lond.). Egyptian. Chemistry Department, 
University of Glasgow, Glasgow, W.2. Assistant in Chemistry. Signed by; E. Gelles, D. S. 
Payne. 

Salem, Tahani Mahmoud, (Mrs.), M.Sc. and Ph.D. (Cairo). Egyptian. Womens Institute, Zamalek, 
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“ Structural effects in the reaction between benzoyl peroxide and phenols." By J. J. 
BATTEN. 

“ Steroids and Walden inversion, Part XXXI. The 3: 5-cyclosteroid rearrangement.” 
By C. W. SHopree and D. F. WILLIAMS. 

“The heats of combustion of quinol and p-benzoquinone, and the thermodynamic 
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“ Tetrazolium compounds. Part V. Polarography of triphenyltetrazolium bromide 
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The kinetics and mechanisms of some colour reactions of aromatic nitro-compounds 
at low temperatures. Part II. 2:4: 6-Trinitroanisole.” By J. B. Aisscovcn and 
FE. F. CALpIN, 

‘ The kinetics and mechanisms of some cdlour reactions of aromatic nitro-compounds 
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TONGE, 
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‘ Oxygen heterocycles. Part V. A study in phenoxathiin derivatives.” By Ete 
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‘ Ouinoxaline N-oxides. Part V. Further Bz-substituted derivatives.” By J. A 
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Some reactions of 2-chlorophenazine 5; 10-dioxide.”” By Justus K. Lanpquist. 

‘ Quinoxaline N-oxides, Part VI. N-Oxides of 2: 3-polymethylenequinoxalines.”’ 
By Justus K. LANpQuIsT. 

The determination of acid strengths of organic hydroperoxides."” By D. BARNARD, 
K. R. HARGRAvE, and G. M. C. Hiacerns. 

‘ Aliphatic hydroxylamines. Part III. Reaction with diazotised aromatic amines. 
A novel synthesis of acylbenzenes from the corresponding amine.’’ By M. A. THoro_p 
ROGERS. 

Potential antiviral thiourea derivatives.”” By No. Pu. Buu-Hol, Ne. D. Xvone, 
and NG, H. NAM. 

The nucleotide sequence in deoxypentosenucleic acids. Part I. The action of 
mercaptoacetic acid on calf-thymus deoxyribonucleic acid.’" By A. 5. Jones and D. 5. 
LETHAM 

‘ The nucleotide sequence in deoxypentosenucleic acids, Part II. The alkaline de- 
gradation of calf-thymus a/dehydoapurinic di(carboxymethy!) dithioacetal.”” By A. S. 
Jonzs, D. S. Letuam, and M. Stacey. 
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‘‘ The nucleotide sequence in deoxypentosenucleic acids. Part III. The nature of the 
end groups produced by the alkaline hydrolysis of calf-thymus aldehydoapurinic acid 
di(carboxymethyl) dithioacetal.”” By A. S. Jones, D. 5. Letnam, and M. STACEY. 

“ Synthesis of divicine (2 : 4-diamino-5 : 6-dihydroxypyrimidine) and other derivatives 
of 4: 5(5 : 6)-dihydroxypyrimidine.”” By J. Davow. and D. H. Laney. 

“ The preparation of some substituted pyridine l-oxides.”” By A. R. Katritzky. 

‘ Polymerisation of thiophen derivatives. Part V. The self condensation of 4: 5- 
and 6: 7-benzothionaphthen 1: l-dioxides. A new route to 1-l’- and 4-2’-naphthyl- 
phenanthrene.” By W. Daviss and Q. N. Porter. 

‘ Pteridine derivatives. Part II. Methylation of 2: 4-dihydroxy-6- and 7-phenyl- 
pteridine, and related topics.” By G. P. G. Dick, H. C. 5S. Woop, and (in part) W. R. 
LoGaN. 

“ eycloHexane derivatives. Part II. The mechanism of catalytic hydrogenation of 
cyclic compounds.”” By R. J. WICKER. 

“The enzymic synthesis and degradation of starch. Part XXII. Evidence of 
multiple branching in waxy-maize starch. A correction.” By Srantey Peat, W. J. 
WHELAN, and GwEN J. THOMAS. 

An attempted synthesis of pelletierine.”” By R. E. Bowman and D. D. Evans. 

“ Caulosapogenin and its identity with hederagenin.”’ By J. McSHerrerty and J. b. 
STENLAKE. 

“ 2-Methylbut-2-ene nitrosochloride and its derivatives.’ By N. THORNE. 

“ epiPregnanolone—benzophenone adduct.” By K. R. BHARUCHA. 

“ Griseofulvin. Part X. The orientation of some derivatives of 5-methoxyresorcinol.”’ 
By JOHN FREDERICK Grove, P. W. Jerrs, and D. W. Rustipce. 

“ Studies in mycological chemistry. Part V. Synthesis of 2: 5-dihydroxy-7-methyl- 
1: 4-naphthaquinone.” By J. E. Davies and Joun C. Roperts. 

‘ Pyrimidines. Part I. The synthesis of some 5-hydroxypyrimidines."” By RK. HuLt. 

“ The rates of solvolysis of certain arylmethy! chlorides, and a simple molecular-orbital 
treatment of this and similar reactions.” By M. J. S. Dewar and R. J. SAMPSON, 

“The preparation and properties of pyridino(l’ ; 2’-2 : 3)-l-oxa-2 : 4-diazol-5-one.”’ 
By A. R. Katritzky. 

‘ Gibberellic acid. Part III. Synthesis of fluorenone-4 : 5-dicarboxylic acid.” By 
T. P. C. MULHOLLAND and G, Warp. 

‘ Potential antituberculosis agents of the indole series." By F. P. Doyie, (Mrs.) W. 
Ferrizr, D. O. HoLtanp, M. D. Menta, and J. H. C. NAYLER. 

‘‘ Palladised charcoal as a catalyst for the reduction of aromatic nitro-compounds by 
hydrazine hydrate.” By M. J. S. Dewar and T. Mote. 

‘ The anodic oxidation of copper-tin (speculum) alloys at very low current density.” 


‘ Triterpenoids. Part LI. The isolation and characterisation of glabric acid, a new 
triterpenoid acid from liquorice root.” By J. M. Beaton and F. S. Serine. 

“ The extraction of indium bromide into mixed organic solvents.” By H. IRvinG 
and F, J. C, Rossorti. 

‘3: 4-Dihydro-4-phenyl-carbostyril and -isocarbostyril and some of their derivatives.”’ 
By (Miss) E. F. M. STEPHENSON. 

‘ Studies in pyrolysis. Part VI. Competitive routes in the pyrolysis of acyl eyanides 
and their dimeric forms.’’ By R. N. Bennett, E. Jones, and P. D. Rircnie. 

‘ Determination of the degree of polymerisation of reducing oligosaccharides.” By 
STANLEY Peat, W. J. WHELAN, and J. G. Roperts. 

* Pteridine studies. Part VIII. The degradation of pteridine. Methylation of the 
hydroxypteridines and degradation of the products.” By Aprien ALBert, D. J. Brown, 
and H. C. S. Woop. 

“ Constituents of the lipids of tubercle bacilli. Part VII. Synthesis of (+-)-2(L) : 4(L)- 
dimethyldocosanoic acid, an oxidation product of mycolipenic acid." By G. I. Fray 
and N. PoLcar. 
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‘ The formation of phenyl radicals from tetraphenyl-lead."’ By J. E. Spice and W. 
Twist. 

‘ Demethoxykanugin: a new crystalline compound from Pongamia glabra.” By 
O. P. Mitrar and T. R. Seswapri. 

The reaction of 2-acetamido-2-deoxy-D-glucose with ethanethiol and hydrochloric 
acid.” By L. Houcu and Manmoupn I. Tana. 

“ The relation between configuration and conjugation in diphenyl derivatives. Part VI. 
Some alkyldiphenyls.” By Pautine M. Everitt, D. Murter HALL, and E. E. Turner. 

Some derivatives of kojic acid.” By M. G. Brown. 

“Some reactions involving multiplicity changes.” By DovGLas CLark and H. O. 
PRITCHARD, 

 Hydroxylations with potassium manganate.” By W. Ricsy. 

‘‘ 11-Sulphoundecanoic acid.” By W. RicBy. 

Studies on specific chemical fission of peptide links. Part II. The preparation 
and hydrolysis of 1-acylpyrrolid-2-ones derived from «-glutamylpeptides.”” By ALan R. 
BatTerssy and J. C. Ropinson. 

A crystallographic study of trismethylsulphonylmethane.” By S. C. ABRAHAMS and 
J. C. SPEAKMAN. 

‘ Heat capacity and entropy of trismethylsulphonylmethane.’’ By T. Davies and 
L. A. K. STAVELEY. 

‘ Studies in the xanthone series, Part 1." By (the late) S. H. Davigs, F. Scnein- 
MANN, and H. Suscuitzky. 

The soluble polyglucose of sweet corn (Zea mays).”” By STANLEY Peat, W. J. 
WHELAN, and J. R. Turvey. 

‘ Hybridization in the ground state of the hydrogen molecule-ion.”” By B. F. Gray, 
H. O. Prircuarn, and F. H, SUMNER. 

The conductivity of solutions in which the solvent molecule is ‘ large.’ II. Solutions 
of tetrapentylammonium picrate in some phthalate esters.” By C. M. Frencn and N. 
SINGER. 

“ Usnic acid. Part XII. Pummerer’s ketone.” By Vincent Arkiey, F, M. Dean, 
ALEXANDER ROBERTSON, and PADET SIDISUNTHORN. 

‘* The anodic behaviour of lead in halide solutions.” By G. W. D. rices and W. F. K. 
WYNNE- JONES. 

‘| ; 8-Dihydroxynaphthalene.”” By Nc. Px. Buu-Hol and Denise Lavrr. 

 Triterpenoids. Part LII. The constitution and stereochemistry of friedelin and 
cerin.”’ By Grorcre Brown ir, F. S. Sprinc, ROBERT STEVENSON, and W. S, STRACHAN. 

‘ Structural chemistry of the alkoxides, Part VI. Primary alkoxides of quadrivalent 
cerium and thorium.” By D. C. Brap.iey, A. K. CHATTERJEE, and W. WARDLAW. 

The synthesis of 7-(2 : 3-dihydroxypropyl)theophylline.”” By Davin B. Isnay. 

Colombo-root bitter principles. Part II. The constitution of columbin.” By 
D. H. R. Barton and Dov Exap, 

An approach to the total synthesis of triterpenes. Part I." By T. G. HALsaLy 
and D. B. THomas. 

‘ The preparation of 7-methyl-2-naphthol.” By T. G. HALsavy and D. B. THomas. 

“ Terpenes. Part X. A synthesis of (+)-angustione.”’ By J. C. BARDHAN and 
RK. N, ADHYA. 

‘ The constitution of the neutral, tetracyclic triterpenes of dammar resin."’ By J. S. 
MILLS. 

‘ The structure of isatin and substituted isatins.” By D. G. O’SuLLIVAN and P. W. 
SADLER. 

 Electrometric titration of the sodium salts of deoxyribonucleic acids. Part IV. 
Denaturation by heating in aqueous solution.” :By R. A. Cox and A. R. PEACOCKE. 

‘‘ Benzoyloxylation, halogenation, and phenylation of aromatic compounds by silver 
bromide dibenzoate and silver iodide dibenzoate."" By D. Bryce-Smrrn and Prrer 
CLARKE. 
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“Normal alkoxides of quinquevalent niobium.” By D. C. Braprey, B. N. 
CHAKRAVARTI, and W. WARDLAW. 

“ Nucleotides. Part XXXVII. The structure of uridylic acids a and 6 and a syn- 
thesis of spongouridine (3-6-p-arabofuranosyluracil)."" By D, M. Brown, Sir ALEXANDER 
Topp, and S. VARADARAJAN. 

“ The structures of some acyl cytosines.”” By D. M. Brown, Sik ALEXANDER Topp, 
and S. VARADARAJAN. 

‘“ Phthalaldehydes and related compounds. Part VII. Further applications of the 
N-bromosuccinimide preparative method.”” By Joun Bratr, W. R. LoGan, and G, T. 
NEWBOLD. 

“Absorption spectra of ketones. Part IV. The steric requirements for spectro- 
scopic interaction between a carbonyl group and a #y-double band.”” By R. C. Cookson 
and N. S, WARIYAR. 

“ Chlorophyll and related compounds. Part IV. The position of the extra hydrogen 
atoms in chlorophyll. The oxidation of pyrophwophorbide-a."" By G. E. Ficken, 
R. B. Jouns, and R. P. Linsteap. 

“Chlorophyll and related compounds. Part V. The dihydrohw#matinic acids and 
their imides.” By G. E. Ficken, R. B. Jouns, and R. P. Linstreap, 

“ Further crystalline constituents of gum mastic.’’ By ELIsko SEOANE. 

“ Stereochemical aspects of aromatic substitution. Part I. pert-Derivatives of 
naphthalene.” By F. Bett, J. A. Grpson, and R. D. Wirson. 

“ Stereochemical aspects of aromatic substitution. Part II. Derivatives of fert.- 
butylbenzene.”” By F. Bett and R. D. Wirson. 
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ADDITIONS TO THE LIBRARY 


Organic syntheses in electrical discharges, 
by D. N. Andreyev. (In Russian.) 1953. 
(Presented by the U.S.S.R. Academy of 
Sciences.) 

Wavelength data and correction tables for 
length interferometry, by C. F. Bruce, 
(National Standards Laboratory Technical 
Paper No. 8.) Commonwealth Scientific and 
Industrial Research Organisation, Melbourne. 
1956. (Presented by the Publishers.) 

Chemical engineering cost estimation, by 
Robert S. Aries and Robert D. Newton. 
McGraw-Hill, 1966 

Chemistry of isotopes, by A. I. Brodskii. 
(In Russian.) 1052. (Presented by the 
U.S.S.R, Academy of Sciences.) 

Neurochemistry : the chemical dynamics of 
brain and nerve, edited by K. A. C. Elliott, 
Irvine H. Page, and J. H. Quastel. Charles C. 
Thomas, 1966. 

Experiments in organic chemistry, by L, 
Vieser, 3rd edn. D.C, Heath & Co. 1955, 

Production of nitric acid, by I. D. Fotinich, 
(In Russian.) 1950, (Presented by the 
U.S.S.R. Academy of Sciences.) 

The collected papers of C. S. Hudson, 
edited by Raymond M. Hann and Nelson K. 
Richtmyer. 2 vols. Academic Press, 1946 
48. (Presented by E. S. Lower.) 


Standard methods for testing petroleum and 


its products, 15thedn. Institute of Petroleum. 
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International Symposium on Macromolecu- 
lar Chemistry. Milano-Torino, 26 settembre 
2 ottobre 1954. (Supplemento a“ La Ricerca 
Scientifica,"’ Anno 25°-—-1955.) Consiglio 
Nazionale delle Ricerche, Comitato Nazionale 
per la Chimica. 1955. 

Chemical thermodynamics, by M. Kh. 
Karapet’'yants. (In Russian.) 1953. (Pre- 
sented by the U.S.S.R. Academy of Sciences.) 

Methods used in high molecular organic 
chemistry, by V. V. Korshak. Vol, 1. {In 
Russian.) 1953, (Presented by the U.S.S.R 
Academy of Sciences.) 


The economic prospects of chemical indus- 
tries in India, by A. K. Madan. Thacker and 
Co. 1949. (Presented by R. C. Madan.) 

Chemistry of motor fuels, by A. D. Petrov. 
(In Russian.) 1953. (Presented by the 
U.S.S.R. Academy of Sciences.) 

Catalytic aromatisation of paraffin hydro- 
carbons, by A. F. Plate. (In Russian.) 1948. 
(Presented by the U.S.S.R. Academy of 
Sciences.) 

Steroid chains as components of protein 
and carbon molecules, by T. van Schelven. 
Kosmos Publ. Co. 1946. (Presented by 
E. S. Lower.) 

Hydrogen peroxide, by Walter C. Schumb, 
Charles N, Satterfield, and Ralph L. Went- 
worth. (American Chemical Society Mono- 
graph Series, No. 128.) Reinhold Publ. Corp. 
1955. 

Spot tests, by N. A. Tananaev, (In Rus- 
sian.) 1954. (Presented by the U.S.S_R. 
Academy of Sciences.) 

Materials handbook. Part |V. Properties 
of titanium, by Harry Majors, jun., R. T. 
Webster, K. H. Wallace, and G. E. Wendell. 
Part VII. Properties of tantalum, by Harry 
Majors, jun., R. H. Wallace, R. T. Webster, 
and G. E. Wendell. Part VIII. Properties of 
molybdenum, by Harry Majors, jun., R. H. 
Wallace, G. E. Wendell, and R. T. Webster. 
(United States Atomic Energy Commission.) 
U.S. Government Ptg. Office. 1953. 

12th report of the committee on catalysis. 
(United States) National Kesearch Council. 
Wiley. 1940, (Presented by E. S, Lower.) 

A text-book of practical organic chemistry, 
including qualitative organic analysis, by A. I. 
Vogel, 3rdedn. Longmans, 1956. (Presented 
by the Author.) 

Praktikum der  organisch-préparativen 
pharmazeutischen Chemie und Leitfaden der 
chemischen Arzneimittelanalyse, by K. Win 
terfeld. 4. Aufl. Steinkopfi. 1955. 
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PROCEEDINGS 
OF THE 
CHEMICAL SOCIETY 


OFFICIAL ANNOUNCEMENTS 


DEATHS. 
The Council regrets to announce the deaths of the following Fellows : 
Elected. Died. 
Edmund Arthur Buckle (Hove) ..................... Dec. 5th, 1912. Nov. 9th, 1955. 
Arthur Fred Campbell (Torquay) ..............+000++ i 20th, 1912. Feb. 27th, 19656. 
Albert Edward Garrett (Newton Abbot) ......... ‘eb. 20th, 1913. Nov. 17th, 1955. 
Edgar Archibald Morris (Glasgow) sesevseeeerceeeeee Aug. 21st, 1947. Feb. 12th, 1966. 
Harold Picton (Watford) ..... ... Apr. 17th, 1890. Mar. 21st, 1956. 
James Porter Shenton (‘ Sunbury- on- Thames) _ .. June 17th, 1897. Feb. 24th, 1966. 
CONGRATULATIONS. 


The President has conveyed the congratulations of the Society to the following Fellows 
who completed sixty years of Fellowship on May 5th, 1956: 


ohn McCrae ( agar, & 
ienry Fishwick Robinson (Ashford, Derbyshire). 


and to the following who completed fifty years of Fellowship on May 3rd, 1956 : 


ames Stuart Hills (S.E. 26). 

illiam Tabor Lattey (Hove). 
Foster Sproxton (East Barnet). 
George Augustus Turner (Worcester). 


ACKNOWLEDGMENTS. 

The thanks of the Council have been conveyed to Dr. R. Lessing for a gift of the Society's 
publications and to a Life Fellow of the Society, who wishes to remain anonymous, for a 
donation to the Society's funds. 


COMMITTEES 1956—1957. 


The thanks of the Council have been conveyed to the retiring Members of Committees 
for the services they have rendered to the Society. The following have been appointed 
for 1956-—1957 : 

Finance and General Purposes Committee 


Professor H. Burton, Dr. F. Hartley, Sir Cyril Hinshelwood, Dr. R. Holroyd, Professor 
E. D. Hughes, Professor E. R. H. Jones, Professor H. W. Melville, Sir Owen Wansbrough- 
Jones, together with the Officers, the Chairman of the Publication Committee, and the 
Representative of the Joint Library Committee on the Council of the Chemical Society, 
with the President as Chairman, Treasurer as Vice-Chairman, and the General Secretary 
as Secretary. 
Research Fund Committee 


Professor Wilson Baker, Professor C. E. H. Bawn, Professor H. J. Emeléus, Professor 
G. Gee, Professor D. H. Hey, Professor E. D. Hughes, Dr. F. E. King, Professor J. M. 
Robertson, Mr. R. M. Winter, together with the Officers, with the President as Chairman, 
and the General Secretary as Secretary. 
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Publication Committee 


Professor C, K. Ingold (Chairman), Dr. C. C. Addison, Dr. G. Baddeley, Professor 
D. H. R. Barton, Professor E. Boyland, Dr. P. B. D. de la Mare, Professor H. J. Emeléus, 
Professor D. H. Everett, Professor G. Gee, Dr, B. A. Hems, Dr. H. R. Ing, Dr. H. M. N. H. 
Irving, Dr. D. J. G. Ives, Professor E. R. H. Jones, Dr. G. W. Kenner, Professor H. C. 
Longuet-Higgins, Professor B. Lythgoe, Professor R. A. Morton, Professor A. Neuberger, 
Professor RK. G. W. Norrish, Dr. V. Petrow, Mr. H. M. Powell, Dr. P. L. Robinson, 
Dr. K. Schofield, Dr. N. Sheppard, Professor M, Stacey, Professor H. W. Thompson, 
Professor E. E. Turner, Professor A. R. J. P. Ubbelohde, and the Officers, with the Editor 
as Secretary. 


Awards Committee 


The President (Chairman), the immediate Past-President (Professor W Wardlaw), 
Professor R. D. Haworth, Sir Cyril Hinshelwood, Professor C, K. Ingold, Proiessor H. W. 
Melville, Dr. R. Spence, Sir Alexander Todd, with the General Secretary as Secretary. 


HONORARY FELLOWS. 


The following have been nominated by the Council for election as Honorary Fellows 
of the Chemical Society in accordance with the terms set out in Part II of the Bye-Laws 
of the Society : 


Professor R. S. Mulliken (Chicago), distinguished for his researches in spectroscopy 
and in the application of wave-mechanics to chemistry. 

Professor R. B, Woodward (Harvard), distinguished for his contributions to synthetic 
organic chemistry. 


THE HARRISON MEMORIAL PRIZE 


In accordance with the Trust Deed governing the Harrison Memorial Fund, the Selection 
Committee, consisting of the Presidents of the Chemical Society, the Royal Institute of 
Chemistry, the Society of Chemical Industry, and the Pharmaceutical Society, will, after 
December Ist, 1956, consider making an award of the Harrison Memorial Prize. 

The Prize, not exceeding, 100 Guineas, will be awarded to the chemist of either sex, 
being a natural-born British subject and not at the time over thirty years of age, who, in 
the opinion of the Selection Committee, shall, during the previous five years, have conducted 
the most meritorious and promising original investigations in Chemistry and published the 
results of those investigations in a scientific periodical or periodicals. 

Applications, five copies of which must be submitted, should give the name of the 
applicant (in full); age (birth certificate should accompany the application); degrees 
(with name of University); any other qualifications and experience ; tiltes of published 
papers (with co-authors’ names) including full references to publication; where research 
was carried out; testimonials and references, and any other particulars bearing on the 
application. 

The Selection Committee is prepared to consider applications, nominations, or inform- 
ation as to candidates eligible for the Prize. Any such communication must be received 
by the President, The Chemical Society, Burlington House, Piccadilly, London, W.1, 
not later than Saturday, December Ist, 1956. Candidates must not have attained the age 
of thirty years at this date. f 


CORDAY-MORGAN MEDAL AND PRIZE. 

This Award, consisting of a Silver Medal and a monetary Prize of 200 Guineas, is made 
annually to the chemist of either sex and of British Nationality who, in the judgment of the 
Council of the Chemical Society, has published, during the year in question, the most 
meritorious contribution to experimental chemistry, and who has not, at the date of 
publication, attained the age of thirty-six years. 
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Copies of the rules governing the Award may be obtained from the General Secretary 
of the Society. Applications or recommendations in respect of the Award for the year 
1955 must be received not later than December 31st, 1956, and applications for the Award 
for 1956 are due before the end of 1957. 


RESEARCH FUND. 


A meeting of the Research Fund Committee will be held in November next. All 
persons who have received grants, and whose accounts have not been declared closed by the 
Council, are informed that reports must be received by the Society not later than November 
Ist, 1956. 

Applications for grants, to be made on forms available from the General Secretary, 
must be received on or before November 15th, 1956. Applications from Fellows will receive 
prior consideration. 

Attention is drawn to the fact that the income arising from the donation of the Worship- 
ful Company of Goldsmiths is principally devoted to the encouragement of research in 
inorganic and metallurgical chemistry and that the income from the Perkin Memorial 
Fund is to be applied to investigations relating to problems connected with the coal-tar 
and allied industries. 


MR. JOHN CLARKE. 

Mr. John Clarke, Commissionaire with the Society since 1926, retired at the end of 
April and, to mark the occasion, the President, on behalf of the Society, presented him 
with a watch. 


DYERS’ ESSAY COMPETITION. 


To mark the centenary of W. H. Perkin’s discovery of the first coal-tar dyestuff, the 
London Section of the Society of Dyers and Colourists is offering a prize of twenty-five 
guineas, an anonymous gift by a member of that Society, for the best essay on “ The 
Influence of Perkin’s Discovery, and of the Synthetic Dyestuffs which followed it, on any 
trade of the candidate's choice.” Competitors need not be members of the Society of 
Dyers and Colourists, but they must live, work, or study in the area covered by the Society's 
London Section, which is South of a line joining Great Yarmouth and Gloucester. They 
must not have reached the age of twenty-six years on December 3lst, 1956. Full details 
can be obtained from the Honorary Secretary of the Section, Mr. H. W. Taylor, 10, Milton 
Avenue, Sutton, Surrey. 


SECOND INTERNATIONAL CONGRESS OF SURFACE; ACTIVITY. 


This Congress will be held in London from April 8th to 12th, 1957, with Lord Brabazon 
of Tara as the President of Honour and Sir Eric Rideal as the President. 

An Organizing Committee has been set up under the Chairmanship of Dr. Leslie H. 
Lampitt, with Sir Charles Dodds as Honorary Treasurer and Lt.-Colonel Francis J. Griffin 
as Honorary Secretary. 

Membership of the Congress is open to all interested persons on payment of the member- 
ship fee of {4. It is hoped to issue a detailed programme in the near future, and all en- 
quiries should be addressed to the Honorary Secretary, IInd International Congress of 
Surface Activity 14, Belgrave Square, London, S.W.1. 


MINUTES OF SCIENTIFIC MEETINGS 


Minutes of a 
SCIENTIFIC MEETING 


held in the Great Hall of the University of Nottingham on 
Monday, March 26th, 1956, at 9.30 a.m. 


The President, ProrEssor W, WARDLAW, C.B.E., D.Sc., F.R.I.C., was in the Chair. 


FORMAL ADMISSION OF FELLOWS. 


The following were admitted Fellows of the Society : G. G. F. Newton, Ronald Breslow, 
Eric Bullock, Julian E. Davies, E. J. Forbes, P. C. Jocelyn, Jas. L. Lowe, R. B. Arnold, 
P. G, Philpott, R. J. Moss, Peter R. Leeming, D. D. Chapman, Gordon Read, K. Elliott, 
K. G. Lewis, R. Massy-Westropp, W. C. Howell, J. T. Braunholtz, S. A. Warsi, D. M. 
Brasher, P. E. Macey, L. McGrath, J. P. Brown, 


SYMPOSIUM. 

The President called upon Professor A. W. Johnson to take the Chair for the morning 
session of the Symposium entitled ‘‘ Antibiotics and Mould Metabolites.’ Professor 
Johnson welcomed the Society to the University of Nottingham and opened the Symposium. 
Ihe following contributions were then made and discussed ; 


1. ‘ Fungal Quinones,” by J. H. Birkinshaw (London School of Hygiene and 
Tropical Medicine), 

2. ‘Synthesis of some Fungal Metabolites,’’ by D. H. R. Barton (University of 
Glasgow) 

3. ‘‘ Azophilones, a General Survey,”’ by A. D. G. Powell, Alexander Robertson, 
and W. B. Whalley (University of Liverpool). 

4. “ The Structure of Purpurogenone,”’ by J.C. Roberts (University of Nottingham). 


The Symposium was resumed after lunch, with Professor E. R. H. Jones in the Chair. 
Ihe following contributions were made and discussed : 


5. “ The Chemistry of Terramycin and Related Antibiotics,’” by L. H. Conover 
(Charles Pfizer and Co., U.S.A.). 

6. “ Actinomycin,” by A. W. Johnson (University of Nottingham). 

7. Chemistry of the Cephalosporins,’’ by E. P. Abraham and G, G, F. Newton 
(University of Oxford), 


At the end of the Symposium the Chairman expressed the thanks of the Society to the 
contributors, 


Minutes of a 
SCIENTIFIC MEETING 


held in the Great Hall of the University of Nottingham on 
Wednesday, March 28th, 1956, at 11 a.m. 


The President, Proressor W. WARDLAW, C.B.E., D.Sc., F.R.1.C., was in the Chair. 
FORMAL ADMISSION OF FELLOWS. 


The following were admitted Fellows of the Society: F. C. Laxton, R. J. High, 
R. Michaelis, B. D. Shaw. 
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PARADAY LECTURE. 


The President called upon Professor Dr, Otto Hahn to deliver the Faraday Lecture 
entitled ‘‘ Personal Reminiscences of a Radiochemist."” At the conclusion of the Lecture 
the President presented the Faraday Medal to Professor Dr. Hahn and proposed a vote of 
thanks to him for his lecture, which was carried with acclamation, 


LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objections to the election of these candidates should communicate with the 
Honovary Secretaries within ten days of the date of publication of the Journal for May, 1956. Such ob- 
jections will be treated as confidential. The forms of application ave available in the Library.) 


Aroney, Manuel, M.Sc. (Sydney). British. Chemistry Department, Sydney University, Sydney, 
New South Wales, Australia. Teaching Fellow. Signed by: R. J. W. Le Févre, D. P. Craig, 
Blackman, Lionel Cyril Francis, B.Sc. & Ph.D. (Lond.). British. 163, Tany’s Dell, Harlow, Essex. 

Scientific Officer (Admiralty). Signed by: M. J. S. Dewar, W. J. Hickinbottom. 

Blaker, John Warren, B.S. (Wilkes College). American. The Graduate House, Massachusetts Institute 
of Technology, Cambridge 39, Mass., U.S.A. Graduate Student. Signed by: H. O. House, A. C, 
Cope. 

Broomhead, John Arthur, B.Sc. (Sydney). Australian. 13, Bell Street, Watsons Bay, Sydney, New 
South Wales, Australia, Student at Sydney University. Signed by; R. J. W. Le Févre, T. Iredale. 

Cook, Reginald William Kell. British. 239, Marsh Lane, Preston, Lancs. Student. Signed by: 
W. J. Hickinbottom, R. F. Garwood 

Crawtord, John Michael. Australian. (Ormond College, University of Melbourne, Carlton, N.3, Victoria, 
Australia. Student. Signed by: Kk. If. Pausacker, J. G. Scroggie. 

Cremlyn, Richard James William Campbell-Davys, B.Sc. and Ph.D. (Wales). British. Flat 5, Park 
Lodge, Binfield, Berks. Research Chemist with the Central Agricultural Control ef 1.C.1, Ltd., 
Bracknell. Signed by: G, W. Kenner, C. W. Shoppee 

Galt, Ronald Hilson Begg, B.Sc. (Glas.). British. Machany, Auchenlodment Road, Johnstone, Ren- 
frewshire. Research Student at Glasgow University. Signed by; D. H. R. Barton, J. D. Loudon. 

Gibson, Ian Hampson. Australian. 6, Delia Street, South Oakleigh, 5.E.13, Victoria, Australia. 
Student at Melbourne University. Signed by: K. H. Pausacker, J. F. Duncan. 

Gould, Patrick, B.Sc. (Lond.). British. 722, Fulham Road, London, S.W.6. Research Chemist. 
Signed by: F. R. Goss, J. A. Reid. 

. Margarita, B.Sc. (Melbourne). British. 6, Devon Road, Pascoe Vale, Victoria, Australia, 
Research Student Signed by: K. H. Pausacker, A. R. Fox. 

Kimber, Ronald Walter Lincolne, B.Sc. (Adelaide). Australian. 45, Second Avenue, Forestville, 
Adelaide, South Australia. Student at Adelaide University. Signed by: G. M. Badger, P. R. 
Jefferies. 

Kowanko, Nicholas, B.Sc. (Adelaide). Australian. 8, Duke Street, Beulah Park, South Australia, 
Student Teacher. Signed by: G. M. Badger, J. W. Clark-Lewis 

Leach, Reuben Sydney, B.Sc. (Lond.), D.-¢s-Sc. (Paris). British. Laboratoire de Chimie-Physique, 
Faculté des Sciences de l'Université de Paris, 11, rue Pierre Curie, Paris 5e, France. Research 
Fellow of the French National Scientific Research Centre. Signed by; J. Sutton, C. M. Moser, 

Okolski, Zbigniew Jan, B.Sc. (U.D.C.). Polish. c/o 116, Kennington Park Road, London, 8.E.11. 
Chemist at The Counties Public Health Laboratories, S.W.1, Signed by: R. C, Hoather, D, A. 
Brown. 

Priest, David Charles, B.A. (Coe Callege), American. Box 167, Department of Chemistry, University 
of N. Carolina, Chapel Hill, North Carolina, U.S.A, Student. Signed by: D. B. Bright, J. Bunnett. 

Russell, Douglas William, 8.Pharm. (Lond.) F.P.S. British. 53, Kosemary Road, London, S.E.15, 
Biochemical Research. Signed by; D. W. Mathieson, D. F. Elliott 

Simon, Sidney Frank, B.Sc. (Brooklyn Coll.). American. 44, Tavistock Square, London, W.C.1. 
Student at Birkbeck College, London. Signed by: K. C. Cookson, A. K, Chatterjee. 

Sinclair, Lynne, A.R.I.C. British. 1, Upper Addison Gardens, London, W.14, Assistant Analyst, 
Signed by: S. G. E. Stevens, A. H. J. Cross. 

Taylor, Nigel Hardy. British. 727, City Road, Manor, Sheffield, 2. Student at Oxford University. 
Signed by; L. A. K. Staveley, J. W. Linnett. 

Uliman, Edwin F., B.A. (Reed Coll.), M.A. and Ph.D. (Harvard), American. American Cyanamid 
Company, Stamford, Connecticut, U.S.A. Kesearch Chemist. Signed by: R. W. Young, S. B. 
Davis, G. W. Anderson. 

‘Walton, Alan George. British. 39, Old Oak Road, Kings Norton, Birmingham, 30, Student at 
Nottingham University. Signed by; C. C. Addison, S, C, Wallwork. 

Williams, Alan John, B.Sc. (Sydney). British. 18, Kissing Point Road, Turramurra, New South 
Wales, Australia, Student. Signed by: R. J. W. Le Feévre, D. P. Craig. 
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UNDER SPECIAL PROVISION APPERTAINING TO CANDIDATES RESIDENT ABROAD. 

Avasthi, Bal Krishna, M.Sc. and D.Phil. (Allahabad). Indian. Collége Néerlandais, 61, Boulevard 
Jourdan, Cité Universitaire, Paris, XIVE, France. Research work at the Pasteur Institute. 
Signed by: P. Verma. 

Bagli, Jehanbux Framroz, B.Sc.Tech. (Bombay), Ph.D. (Lond.). Indian. Chemistry Department, 
Johns Jopkins University, Baltimore 18, Maryland, U.S.A. Research Associate. Signed by: 
A. Nickon 

Dunkel, Morris, 8.5. (Long Island), M.A. (Brooklyn Coll.), Ph.D. (Arkansas). American. 1948—66 
Street, Brooklyn 4, N.Y., U.S.A. Research Chemist. Signed by: J. Feltzin. 

Hartman, George Solomon, M.S. (Lehigh). American. The Electric Storage Battery Company, P.O 
Box 5723, Philadelphia 20, Pennsylvania, U.S.A. Assistant to the Director of Kesearch. Signed 
by: C. C. Wallace. 

Swaminathan, Sambasiva, M.A. (Annamalai), Ph.D. (Illinois). Indian. A. C, College, Madras-25, 
India. Reader in Organic Chemistry. Signed by: G. Eglinton. 

Tinker, Philip Bernard Hague, 13.Sc. and Ph.D. (Sheffield), British. West African Institute for Oi! 
Palm Research, Benin, Nigeria. Research Chemist. Signed by: W. D. Walsh 


PAPERS ACCEPTED 


(List of papers received between March 22nd and April 17th, 1956, for publication in the 
Journal). 


Hydrogen evolution at electrodeposited copper in hydrochloric acid.”” By (the late) 
5. E. S. Ex Wakkap, I. A. AMMAR, and H. Sasry, 

‘‘ Compounds of potential pharmacological interest. PartI. 3-Phenyl-l-indanamines.’ 
By R. M. Acneson, P. G. Puitrorr, K. E. MacPuer, J. S. Hunt, and J. A. BARLTROP. 

' The pinacol~pinacone rearrangement. Part I. Catalysis by strong monobasic acids.” 
By J. F. Duncan and K, R, Lynn. 

“The pinacol-pinacone rearrangement. Part II. Catalysis by sulphuric acid.” 
By J. F. Duncan and K. R. Lywy, 

The pinacol~pinacone rearrangement. Part III. Evidence on general acid catalysis.”’ 
By J. F. Duncan and K. R. Lywy. 

‘ Synthesis of thionaphthen derivatives. Part I. The cyclisation of arylthioacet- 
aldehyde diethyl acetals.” By J. E. BANFintp, W. Davies, and S. MIDDLETON, 

Reactions of disodium pentacyanoamminoferrate with aromatic amines. Part I. 
rhe preparation and properties of compounds containing the pentacyano-p-hydroxy- 
anilinoferrate ion.”’ By E. F. G, HERINGTON. 

Some aspects of the system uranium trioxide-water.’’ By J. K. Dawson, E. Wait, 
K. Atcock, and D. R. Cu1tron. 

‘‘ Manganese dioxide oxidation of some unsaturated carbinols.”” By K. R. BHARUCHA. 

 Butadienes and related compounds. Part III. A study of the mechanism of form- 
ation of 1:1; 4: 4-tetrarylbuta-I : 3-dienes."”. By Wapie Tapros, ALFy B, SAKLA, and 
Yousser AKHNOOKH. 

“Infrared spectra and polar effects. Part III. Internal spectral relationships.” 
By L, J. Bectamy and R. L. WiILctaMs. 

The solubility of tungsten trioxide in hydrochloric acid.” By (the late) S, E. S. Ex 
WAKKAD and H. A. M. Rizk. 

“ Proof of the structure of ‘ p-glucosazone-formazan’ (1-phenylazo-p-glucosazone) 
by synthesis.” By L. Mester and A. Major. 

‘’ New-type carbohydrate formazans."" By L. Mester and E. Moczar. 

 Tropolones. Part IX. 2; 3-Dihydro-2 ; 3-methylene-1 : 4-naphthaquinone.” By 
G. L. BUCHANAN and J. K,. SuTHERLAND. 

 Perfluoroalkyl derivatives of nitrogen. Part III. Heptafluoronitrosopropane, 
perfluoro-2-n-propyl-l : 2-oxazetidine, perfluoro(methylene-n-propylamine), and related 
compounds.” By D. A. Barr and R. N. HaszeLpiIne. 
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“ Tsolation and properties of pure actinomycins."" By G. G. Roussos and L. C. Vinine. 

“ An infrared spectroscopic investigation of absorption due to the N-H stretching modes 
of vibration in co-ordination compounds of ammonia and amines. Hydrogen bonding 
(N-H ... Cl) in a series of amine complexes of platinous chloride.” By J. Cuartt, 
L. A. Duncanson, and L. M. VENANZI. 

‘‘ The spectra of some solid cobaltic nitroammines, and certain other cobaltic complexes, 
in the 2—15 u region.” By I. R. Beattie and H. J. V. TyrRretv. 

“Mechanism, kinetics, and stereochemistry of octahedral substitutions. Part VI. 
Bimolecular basic hydrolysis and aquation of the chloronitrobis(ethylenediamine)cobalt (11) 
ions.”” By S. ASPERGER and C, K. INGoLp. 

“ Glycine peptides. Part III. The absorption of Orange II by polyglycine.” By 
A. B. Mecey and D. Sims. 

“ The chemistry of triterpenes and related compounds, Part XXVIII. 6-Boswellic 
acid.”” By J. L. Beton, T. G. HALSALL, and E. R. H. Jones. 

“ The use of deactivated charcoals for the isolation of aromatic substances.” By A. 
Asatoor and C, E. DALGLIESH. 

“ Studies of the strength of poison-to-catalyst bonds. Part I Heats of adsorption 
of ethyl sulphide and thiophen on platinum.’’ By E. B. Maxrep and M. Joserus. 

“ The chemistry of the transition elements. Part Il. Some carbonyl compounds of 
ruthenium.”” By R. J. Irvine. 

‘ Double melting of molecular addition compounds of dinitrogen tetzoxide with organic 
donors.” By C, C. Appison and J. C. SHELDON. 

‘‘ The ionisation functions of cyanoacetic acid in relation to the structure of water and 
the hydration of ions and molecules,”’ By F. 5. Feates and D. J. G. Ives, 

‘‘ The pyrolysis of chloroalkenes. Part III. The molecular mode of decomposition 
of the 1 : 2-dichloroethylenes.”” By (Miss) A. M. Goopa.t and K. E, Hower, 

‘The micro-flame detector in gas-liquid partition chromatography—correlation of 
response with heats of combustion.’’ By J. I. HENDERSON and J. H. Knox, 

‘“‘ Some reactions of scandium.”” By R. C. Vickery. 

‘A synthesis of 3 : 4-benzopyrene-1 : 5-quinone.”” By R. O. C. NonMAN and WILLIAM 
A, WATERS. 

‘ A thermochemical evaluation of bond strengths in some carbon compounds, Part IV. 
Bond-strength differences based on the reaction: RI 4+ HI —® RH + I,, where R 
p-methoxypheny] and cyclohexyl." By D. Brennan and A. R. UsBELONDE. 

‘ Polynuclear heterocyclic systems. Part X. The Elbs reaction with heterocyclic 
ketones.”” By G. M. BapGer and B. J. Curisrie. 

“ Decarboxylative acylations with «aminophenylacetic acid.” By ALEXANDER 
Lawson. 

“ The auxochromic effect of the cyclobutane ring.” By J. J. Wren, 

‘ Polypeptides. Part II. The preparation of some protected peptides of cysteine and 
glycine.” By K. C. Hooper, H. N. Rypon, J. A. Scuore.p, and (in part) G. 5, Heaton, 

“ Polypeptides. Part III. The oxidation of some peptides of cysteine and glycine.” 
By G. S. Heaton, H. N. Rypon, and J. A. Scnoriep. 

‘‘ The reaction of dialkyl sulphites with sodium iodide in acetone.” By A. B. Foster, 
E. B. Hancock, W, G. OveREND, and J. C. Ross. 

‘‘ Synthetic chabazites : correlation between isomorphous replacements, stability, and 
sorption capacity.” By R. M. Barrer and J. W. BayNHAM. 

‘‘ Benzola)perylene and derivatives.” By E. CLar, W. Kexry, D. G. Stewart, and 
(in part) J. W. Wricurt. 

The synthesis of | : 2-dihydro-l-oxo-5'-phenylfurano(2’ : 3’-3 : 4)isoquinoline.”” By 
A. S. Battery and D. L. SwALLow. 

“ The rearrangement of ketones containing tertiary alkyl groups.’ By 5, Barton 
and C. R. Porter. 

“ The Sy mechanism in aromatic compounds. Part XIX.” By R. L, Herro_etre 
and JoserH MILLER. 
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Oxidation of organic sulphides. Part VII. The mechanism of autoxidation of 
but-2-enyl methyl sulphide, methyl l-methylbut-2-enyl sulphide, and n-butyl methyl 
sulphide.” By L. Bateman, J. |. CuNNeEN, and J. Forp. 

‘* The structure of cyperone, Part V. The steric course of reduction of the cyperones.” 
By RK. Howe and F. J. McQuitun. 

‘ Addition reactions of heterocyclic compounds, Part III. 2: 3-Benzacridine and 
some dienophiles.”” By R. M. Acnrson and C. W. Jerrorp. 

Critical concentrations of some alkylpyridinium iodides in water and in xylene 
evaluated from solubility measurements."” By C. C. Appison and C. G. L. FuRMIDGE. 

 Thiadiazoles. Part III. 3-Amino-5-arylamino- and 3: 5-di(aralkylamino)-1 : 2 : 4- 
thiadiazoles.”” By Freperick Kurzer. 

“ The Friedel-Crafts reaction in the carbazole series. Part V."’ By D. G. Brooke 
and (the late) S. G. P. PLant, 

“ Infrared spectra and structure of some quinone monoximes.’’ By D. HapZ1. 

Phosphorylation through glyoxalines (iminazoles) and its significance in enzymic 
transphosphorylation,” By J. Bappitry, J. G. BucHANAN, and R. Letters. 

“ Carcinogenic nitrogen compounds, Part XX. Benzacridines, benzocarbazoles, 
and benzophenarsazines with hydrogenated rings.” By No. Pu. Buu-Hof, Prerre 
JACQUIGNON, and Denise Lavir. 

“ A synthesis of (-+-)-pulegone.”’ By C. Brack, G. L. Buchanan, and (Miss) A. W. 
JARVIE. 

 Aryldihydroresorcinols. Part I. Dihydro-5-«-naphthyl- and 5-(4-diphenyl)dihydro- 
resorcinols.”” Py E. E,. AYLING, (the late) J. Hopces, and R. F. K. Merepiru, 

‘ The preparation and properties of some plutonium compounds. Part IV. Crystalline 
plutonium nitrate.’ By J. L. Drummonp and G. A. Wetcu. 

“ The infrared spectra of some metal ammines and deuteroammines.”” By D. B. 
Powe. and N, SHEPPARD. 

" Perfluoroalkyl derivatives of sulphur. Part V. «« Difluoro-«-(trifluorothio)acetic 
acid.”’ By R. N. Hasze_pine and F. Nyman. 

 Trinuclear dyes related to oxonols. Part II. Formation and absorption spectra.’ 
By R. A. Jerrreys. 

“A study of oxidation of monohydric phenols by alkaline ferricyanide.” By C, G. 
Haynes, A. H. Turner, and WILLIAM A, WATERS. 

" The formation of borate complexes by hydroxamic acids."" By A. L. GREEN. 

‘ Synthesis of all-trans-, 2-cis-(or neo-), and 6-cis-[2-“C}vitamin A.’ By C. F. GARBERS. 

“ Chemical studies in the biosynthesis of purine nucleotides. Part I. The preparation 
of N-glycylglycosylamines.”’” By J. BappiLey, J.G. BUCHANAN, R. E. HANDSCHUMACHER, 
and J. F. Prescorr. 

“ The diffusion in water of some association colloids and solubilised materials.” By 
N. Brupney and L. SAUNDERS, 

‘' 8-Mercaptoquinoline.”” By G. M, Bapcer and R. G, Burrery. 

Aconitum and Delphinium alkaloids. Part I, The environment of the nitrogen 
atom in delpheline.” By R. C, Cookson and M. E, Trevertr. 

“ The reduction of 6-alkylnaphthalenes.”” By A. S. BatLey, J. C. Smrrn, and C, M. 
STAVELEY 

Ribose and its derivatives. Part VII. The condensation of methyl p-ribopyrano- 
side with acetone.”” By G. R. Barker and J. W. Spoors. 

‘ Hydrolysis of aryl sulphonates. Part II. Kinetic form of hydrolysis.” By C. A. 
Bunton and V. A. WeLcu. 

“ Pyrimidine reactions. Part I. Pyrimidines from malondiamide.”” By D. J. 
Brown, 

Organic fluorine compounds. Part IV, Some reactions of difluoromalonyl chloride 
and the action of iodine on disilver difluoromalonate."’ By E. J. P. Fear, J. Tarower, and 
J. Verren, 

“ Diazepines. Part I. Condensation of acetylacetone with 1: 2-diamines.” By 
DouGias Litoyp and DonaLp R. MARSHALL. 


‘ Reaction-kinetic investigations of the incomplete dissociation of salts. 
The neutralization of nitroethane by solutions of metallic hydroxides.”’ 


and M. H. PANCKHURST. 
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Part IV. 
By R. P. Beir 


ADDITIONS TO THE LIBRARY 


Physical chemistry, by N. K. Adam. 
Clarendon Press. 1956, (Presented by the 
Author.) 


Advances in protein chemistry, edited by 
M. L. Anson, K. Bailey, and J. T. Edsall. 
Vol. 10, Academic Press Inc. 1955. 

The properties of aluminium and _ its 
alloys. (Aluminium Development Association 
Information Bulletin No. 2.) 4th edn. 
Aluminium Development Assoc. 1955. (Pre- 
sented by the Publishers.) 

Methods for determining lead in air and in 
biological materials, 2nd edn. American Public 
Health Association, Inc. 1955. 

Proceedings of the fifth conference 
chemical works safety, held at Harrogate, 
1954. Association of British Chemical Manu- 
facturers. 1955. 

Official methods of analysis of the Association 
of Official Agricultural Chemists, edited by W. 
Horwitz, 8th edn. Association of Official 
Agricultural Chemists, Washington. 1955. 

Food technology processing and laboratory 
control, edited by F. Aylward. (Chemical and 
Chemical Engineering Series.) George Newnes, 
Ltd. 1955. (Presented by the Editor.) 

Introduction to chemical engineering, by 
W. L. Badger and J. T. Banchero, McGraw- 
Hill Book Company, Inc, 1955. 

Memorial Number to Sir Edward Mellanby. 
Recent Research on Vitamins. British Medi 
cal Bulletin, 1956, Vol. 12, No. 1. British 
Council Medical Department. 1956. 

Paint and varnish manufacture, edited by 
H. W. Chatfield. (Chemical and Chemical 
Engineering Series.) George Newnes, Ltd. 
1955. (Presented by Dr. T. H. Morton.) 

Elsevier's Encyclopedia of Organic Chemis- 
try, edited by F. Radt. Series III (carboiso- 
cyclic condensed compounds), Vol, 14——supple- 
ment (Steroids), Part 2 (substituted mono- 
hydroxyl compounds, polyhydroxyl com- 
pounds), edited by A. Georg. Elsevier Pub- 
lishing Company. 1956. 

European Brewery Convention, Proceedings 
of the [fifth] congress, Baden-Baden, 1955. 
Elsevier Publishing Co. 1955. 

Proceedings of the first international neuro- 
chemical symposium, held at Oxford, 1954. 


on 


Biochemistry of the developing nervous sys- 
tem, edited by H. Waelsch. Academic Press, 
Inc. 1955. 

Kinetic theory of liquids, by J. Frenkel. 
Dover Publications Inc, 1955. (Presented by 
the Publishers.) 

Chemical trade names and chemical syno- 
nyms; a dictionary of American usage, by 
W. Haynes, 2nd edn. D. Van Nostrand Com- 
pany, Inc. 1955. 

Verteilungsverfahren im Laboratorium, by 
Dr. E. Hecker. (Monographien zu Angewandte 
Chemie und Chemie-Ingenieur-Technihk, Nr. 
67). Verlag Chemie, GMBH, 1955. 

Handbook of chemistry and physics. A 
ready-reference book of chemical and physical 
data; edited by C. D. Hodgman, R. C, Weast, 
and S. M. Selby. 37th edn. Chemical Rubber 
Publishing Co. 1955. (Presented by the 
Publishers.) 

Metallurgical thermochemistry, by O. Kuba- 


schewski and E. Ll. Evans. 2nd edn. Per- 
gamon Press, Ltd. 1056 
Physical chemistry. by W. J. Moore. 2nd 
edn. Longmans, Green and Co, 1956. 
Spektrochemische  Betriebsanalyse mit 


praktischen Ratschligen fiir die ausfihrung 
spektrochemischer Analysen im Betriebs- 
laboratorium, by H. Moritz. Die chemische 
Analyse. Vol. 43, 2ndedn. Ferdinand Enke 
Verlag. 

Introductory quantitative chemistry, by 
A. R. Olson, C. W. Koch, and G, C. Pimentel. 
(A series of chemistry texts, edited by Linus 
Pauling.) W. H. Freeman and Co, 1956, 
(Presented by the Publishers.) 

Chimia si tehnologia colorantilor azoici, by 
I. Reichel. Editura Academiei Republicii 
Populare Romine. 1955, (Presented by the 
Rumanian Academy of Sciences.) 

Polymer processes; chemical technology of 
plastics, resins, rubbers, adhesives, and fibers, 
edited by C. E. Schildknecht. (High polymers, 
Vol. 10.) Interscience Publishers, Inc. 1966. 

British scientific instruments, 1956. Direc- 
tory and handbook of the Scientific Instrument 
Manufacturers Association of Great Britain, 
Limited. S.I1.M.A. 1966. (Presented by the 
Publishers.) 
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Society of Biological Chemists, India, silver 
jubilee souvenir, The Society of Biological 
Chemists, India. 1955. (Presented by the 
Publishers.) 

Nouvelles recherches sur les lois des pro- 
portions chimiques, sur les poids atomiques et 
leurs rapports mutuels, by J, S. Stas, (Extrait 
du tome XXXV des Mémoires de l’Académie 
royale des sciences, des lettres et des beaux- 
arts de Belgique, 1865.) l’Académie Royale 


1865, (Presented by J. Vargas 


de Belgique. 
Eyre.) 

Topiey and Wilson's principles of bacterio- 
logy and immunity, by G. S. Wilson and A. A. 
Miles. 2vols. 4thedn. Edward Arnold, Ltd. 
1955. 

The third dimension in chemistry, by A. F. 
Wells, Clarendon Press. 1956. 

Resonance in organic chemistry, by G. W. 
Wheland, John Wiley & Sons, 1955. 


LOCAL REPRESENTATIVES OF THE CHEMICAL SOCIETY 


Aberdeen. RK. H. Thomson, Ph.D,, F.R.1.C., Chemistry Department, The University, Old 
Aberdeen, 
Australia. K. H. Pausacker, M.Sc., D.Phil., Chemistry Department, University of 


Melbourne, Carlton, N. 3, Victoria, Australia, 
Professor A. E, Alexander, M.A., Ph.D., Chemistry Department, N.S.W 
University of Technology, Sydney, N.S.W., Australia. 


Birmingham. J. C. Tatlow, B.Sc., Ph.D., Department of Chemistry, The University, 
Edgbaston, Birmingham, 15. 

Bristol. P. Woodward, B,Sc., Ph.D., Chemistry Department, The University, 
Woodland Road, Bristol. 

Cambridge. R. N, Haszeldine, B.Sc., M.A., Ph.D., University Chemical Laboratory, Pem- 
broke Street, Cambridge. 

Canada, Professor J. K. N. Jones, M.Se., Ph.D., A.R.LC., Queen's University, 
Kingston, Ontario. 

Ceylon. M. U, S, Sultanbawa, B.Sc., Ph.D., A.R.LC., Department of Chemistry, 
The University, Colombo, Ceylon. 

Edinburgh. G. O. Aspinall, B.Sc., Ph.D., Chemistry Department, King’s Buildings, West 
Mains Road, Edinburgh. ; 

Exeter. K. Schofield, B.Se., Ph.D., F.R.L.C,, Department of Chemistry, The 
University, Exeter. 

Glasgow. D. S. Payne, B.Sc., Ph.D., A.R.I.C. Chemistry Department, The University, 
Glasgow, W.2. 

Hull, G. W. Gray, B.Se., Ph.D., C rm: Departme nt, The University, Hull, 

India, Professor R. Seshadri, M.A., Ph.D., F.R.LC , Department of Chemistry, 


The Universit Delhi, India. 
Irish Republic. D. O Tuama, ‘Sc., Ph.D., P.1.C.1., Medical Research Council of Ireland, 
The Laboratories, Trinity College, Dublin. 


Leeds. E. Rothstein, rot ing _ Se., A.R.C.S., Organic Chemistry Department, The 
pags age 
Liverpool. A. K. Holliday, B. So. ‘Ph. D., Department of Physical and Inorganic Chem- 


mf The | niversity, L verpool 
Broad, Ph.D., A.R.1.C., Imperial Chemical Industries Limited, 
: General Chemicals Division, Cunard Building, Liverpool, 3. 
Manchester. H. B. Henbest, Ph.D., A.R.C.S., A.R.L.C., Chemistry Department, The 
University, Manchester, 13. 
A. C. Farthing, M.A., B.Sc., Imperial Chemical Industries Limited, Hexagon 
House, Blackley, Manchester, 9. 
Newcastle and G. Kohnstam, B.Sc., Ph.D., The University Science Laboratories, South 
Durham. _ Road, Durham. 
J. McQuillin, M.A., D.Phil., Chemical Department, King's College, 
" Mowenstie upon Tyne. 
New Zealand. Professor S$. N. Slater, M.Sc., D.Phil, A.R.L.C., Chemistry Department, 
Victoria University College, Wellington, New Zealand, 
Northern Ireland. R. G. R. Bacon, Ph.D,, A.R.C.S., Chemistry Department, Queen's 
University, Belfast. 


North Wales, J. E. McKail, Ph.D., Department of Chemistry, University College of North 
Wales, Bangor. 

Nottingham. C. C. Addison, D,Sc., Ph.D., F.R.1.C., Chemistry Department, The University, 
University Park, Nottingham. 

Oxford. L. A. K. Staveley, M.A., Inorganic Chemistry Laboratory, South Parks 
Road, Oxford, 

Pakistan. M. I. D. Chughtai, M.Se.Tech., Ph.D., A R.1.C., Punjab University Institute 


of Chemistry, The Mall, Lahore, Pakistan, 
St. Andrews and C. WHorrex, M.Sec., Ph.D., Chemistry Department, The University, 
Dundee. St. Andrews. 


She ffield. H. J. V. Tyrrell, M.A., B.Sc., Chemistry Department, The University, 
Sheffield, 10. 

South Africa, Professor F,. L. Warren, Ph.D., F.R.1.C., Department of Chemistry, Uni- 
— of Natal, P.O. Box 375, Pietermaritzburg, South Africa. 

Southampton. N 5. Chapmana, M.A., Ph.D., Department of Chemistry, The University, 
Southantpton 

South Wales R. H. Davies, M.Sc., A.R.1.C., Department of Chemistry, University College, 


Singleton Park, Swansea 
A. R. Pinder, B.Sc., Ph.D., F.R.L.C., Department of Chemistry, University 
College, Cardiff, 


June, 1956 


PROCEEDINGS 


OF 


CHEMICAL SOCIETY 


OFFICIAL ANNOUNCEMENTS 


DEATHS. 
The Council regrets to announce the deaths of the following Fellows : 


Pandurang Narajan Joshi (Bombay) 


Arthur Landauer Stern (Chorley Wood) . 


ELECTION OF NEW FELLOWS. 
The following 143 candidates were elected to the Fellowship on May 3rd, 1956 : 


Frank Abbey. 

Joe Alfred Adamcik. 

Janet Allinger. 

Reinhard Kichard Arndt. 
John Arris. 

Derek Wilfred Aubrey 
Abdul Latif Bacchus 
Neville John Baines. 
George Baum, 

Neville Ernest Bean 

Colin Charles Beard 

John Moody Beaton, 

John Biggs. 

Jannik Bjerrum. 

Jean Winifred Brooks 
Anne Frances Brown. 
Frank Brown. 

Patricia Margaret Brown, 
Stanley Sidney Brown, 
Zdzislaw Jan Bujwid 
Leslie Bunfield 

lan James Cantlon. 

James Frederick Carson. 
John Reginald Chase 
Anne Elizabeth Marie Chaplin. 
John Shipley Clarke. 
Richard Clarkson 

Joseph A. Cogliano,. 
Thomas William Corpe. 
Kenneth Nelson Cross. 
Arthur William Dawkins 
Henri Dietrich. 

Kenneth Dixon 

Dennis Albert Dowden. 
John Michael Francis Drake. 
Phanindra Chandra Dutta. 
Leonard Kenneth Dyall 
Thomas Elmezzi 

Arthur Raymond Gordon Emslie. 
Arnold B. Finestone. 
Cesare Finzi. 

Carl Wilhelm Fischer. 
Abdallah Mohamed Fleigel 


Elected Died. 
Jan. 18th, 1945, Feb. 12th, 1956. 
Dec. 6th, 1888. Apr. 26th, 1956. 


Gordon Foster, 

James Fraser. 

John Friend, 

John Herbert Garside. 
Edward William Gill. 
Esmarch Senn Gilreath. 
Terence George Goodburn, 
lan Kelvin Gregor. 
Norman Francis Hardie. 
Stephen Henry Harvey. 
Edwin Haslam. 

Hans Jorg Hediger. 
John Richards Herbert. 
Gordon Hetherington. 
Ivan Andrew Holliday. 
Joseph Simeon Howarth. 
Andrew Walter Jackson, 
Amolak Chand Jain, 
Megh Kumar Jain. 
Leslie Cyril Johnson. 
Eric Johnston. 

Vera Johnston. 

William Arthur Jones. 
Herbert C. Katz. 

Fred Allan Kinel. 

David Kirkaldy. 

Jan Lauder. 

Derek Robert Lawrance. 
John David Lee. 
Norman Logan, 

Louis Long, jun. 

George Harry Lord. 
Robert Michael Lukes. 
Denis James McCaldin. 
Francis Joseph McGuire. 
Phillip Pleydell Manning. 
Peter James March. 
Edward Markham. 
Louis Marnef. 

Elliot Nelson Marvell. 
David Hugh Miles. 
Alwin S. Milian, jun. 
Theodore Mill. 


Ade J 
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Glyn Miller, i Marshall William Scott. 
Kobert Clay Miller. Nilliam Peter Scott. 


Graeme Crocker Morris. Douglas Shooter. 
Peter Eric Geoffrey Moult. Sydney Skidmore. 
William McClement Muir. eith Slater. 

Brown Lewis Murr, jun, Barry Charles Smith. 
C, Natarajan. Brian Carl Stace. 

Kobert Livingston Nelson, George M. Steinberg. 

Fileen Dorothy Nickels. Edith Stephen. 
Colm O hEocha. no David Stevens. 

Kichard Vernon Parish. ‘rederick Willem Stonner. 
Cumming Paton. — Boris Taylor. 
Albert Peter Paul, ieter ten Haken. 
Geofirey Howard Pickerell, Colin Reginald Thomas. 
Peter Jules Pinot de Moira, Daniel James Thomas. 
Anthony Lloyd Price. Lydia Vallarino. 
Charles C. Price. André von Bezard. 
Mohammed Hafizur Rahman, Richard Bernard Ward. 

ohn George Raphael. Ernest William Thomas Warford. 
tonald Steven Katney,. David Neil Waters. 
John Barrie Raynor. —_ Michael Webber. 
Allen Forrest Reid. arl H. Weiss. 
William Henry Reusch. Ian Wellings. 
Arnold Rosen, Raymond James Withey. 
Donald Malcolm Rowlingson. Patricia Maureen Woodhams. 
Adib Salama John Douglas Michael Wraige. 
Tahani Mahmoud Salem (Mrs.). Alexander Neil Wright. 
Roy Salter, Alfred Zeller. 


Hans Thomas Sanders. 


SCIENTIFIC MEETINGS. 
The following dates of Scientific Meetings during the Session 1956—-1957 have been 
approved by Council : 


1956. 1957. 
Thursday, October 18th Thursday, ewe 17th 
He November Ist # ‘ebruary 14th 
= November 15th “ February 28th 
i December 13th ‘a March 14th 
As May 9th 
i June 6th 


The Anniversary Meetings will be held in Cambridge from April 10th to 12th, 1957. 


LIBRARY. 
From July 16th until September 30th, 1956, the Library will close at 5 p.m. instead of 
7.30 p.m., and it will not be open on August 6th and 7th, 1956. 


PROCEEDINGS OF THE CHEMICAL SOCIETY, 1957. 

Council has approved plans for a change in the style, format, and contents of the Society's 
Proceedings. Vrom January, 1957, Proceedings will be considerably increased in size by 
the inclusion of additional material which it is hoped will add greatly to the interest and 
permanent value of the publication, The new Proceedings will be given without extra 
charge to all Fellows who have paid the basic annual subscription, or who are Life Fellows, 
and to all non-Fellows subscribing to the Journal. In addition, non-Fellows may, if they 
wish, subscribe separately to Proceedings. 

In its new form Proceedings will no longer be issued as an insert in the Journal, but 
it will have its own distinctive cover, and will be printed in Times New Roman type on a 
white paper, thicker in substance than the tinted paper at present used. It will include 
lectures and obituary notices, and the Report of Council, which now appear in the Journal. 
It will also contain occasional articles, anonymous or signed, and personal news items 
concerning distinguished Fellows and visitors from overseas, as well as other news items 
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of general interest, and the official announcements which already appear. Reports of 
Scientific Meetings held by the Society will be included, as well as short scientific ‘‘ Com- 
munications '’ which are sufficiently urgent or important to qualify for the accelerated 
publication and the greatly increased circulation that Proceedings will offer by comparison 
with the Journal. Notes regarding the submission of ‘‘ communications "’ are given below. 
It is also expected that Proceedings will include, in addition to the advertisements at 
present printed in the Journal, a section of classified small advertisements, including notices 
of appointments vacant, etc. 

Considerably less than half the total Fellowship now receives the Journal, and Pro- 
ceedings is, therefore, the only regular link which the Society has with many of its Fellows. 
The Council hopes that the improvements which are now planned will be welcomed by 
Fellows and by non-Fellows alike, and that they will form an attraction to prospective 
Fellows, and also will help to retain the interest of those Fellows who no longer need to 
subscribe to the Society’s Journal. 


‘* COMMUNICATIONS " FOR PROCEEDINGS, 1957. 

Starting in January 1957, Proceedings of the Chemical Society will be open to ‘* Com- 
munications "” which deal with original work of immediate importance to a substantial 
body of chemists. (See previous item.) Publication will be granted only to “ Com- 
munications ’’ which satisfy each of these three requirements, #.¢., urgency, importance, 
and wide interest. The primary consideration will be that chemists in general shall 
benefit from information in advance of full publication. The object shall be to share 
knowledge, not to claim priority or reserve a field. Polemics, including prolonged 
argument about known experimental facts, would not be acceptable. 

Details of experimental methods will not be published unless they are an essential 
part of the ‘‘ Communication,” nor will the physical or chemical properties of intermediates 
in syntheses or degradations. 

“ Communications ”’ will be considered for publication whether or not the author is a 
Fellow of the Chemical Society. They will be subject to refereeing, and, if accepted, to 
editing. Authors are advised to submit, with the manuscript, a statement for the benefit 
of referees setting out briefly the reasons why publication in advance of full presentation 
is requested, 

Authors whose ‘ Communications "’ are accepted should consider themselves under 
obligation to publish adequate details as soon as possible, or to withdraw the claims made, 
but not necessarily in a publication of the Chemical Society. 

Manuscripts must be marked ‘‘ Communication for Proceedings " and sent, in duplicate, 
to the Honorary Secretaries, The Chemical Society, Burlington House, Piccadilly, London, 
W.1. They should not normally exceed 600 words in length, t.¢., 3 quarto pages in double- 
line spacing, including formula or diagrams, which should be kept to a minimum and may 
delay publication. It is hoped that accepted ‘ Communications ” will be published within 
48 weeks of receipt. It is unlikely, however, that manuscripts received after December 
18th, 1956, will be included in the first issue. 

Authors should observe the Society's conventions for nomenclature, symbolism, ete., 
outlined in the brochure “ The Presentation of Papers for the Journal of the Chemical 
Society,’’ but references should be given as footnotes (see Proceedings of the Chemical 


Society, July 1955, pp. 79—81.) 


CORDAY-MORGAN MEMORIAL FUND EXECUTIVE. 

The Executive has appointed Dr. M. Lamchen, Senior Lecturer in Chemistry, University 
of Cape Town, Rondebosch, Cape Town, South Africa, as the Corday-Morgan Commonwealth 
Fellow for 1956—1957. Dr. Lamchen is to carry out a year’s research work in the 
laboratories of Sir Alexander Todd at Cambridge. 

The Executive has issued the following Report for the three years ended December 31st, 
1955 : 

“ The Executive was appointed in 1951 to administer grants made to it by The Chemical 
a 
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Society from the Corday~Morgan Memorial Fund, or from other sources. In accordance 
with the purpose of the original bequest, the Executive has used the funds at its disposal 
to inaugurate the Corday~Morgan Commonwealth Fellowship. 

These Fellowships are intended to provide an opportunity for post-doctorate (or 
equivalent) study, and are tenable at any university or research establishment approved 
by the Executive in any part of the Commonwealth outside the home country of the 
Kellow appointed, The Fellowships are at present offered to any one country of the 
Commonwealth nominated each year by the Executive. 

“ Three appointments have so far been made, as follows : 


1952—-1953—Dr. H. J. Anderson (University of Manitoba, Canada). 
fellowship held at; The University of Oxford. 
1953--1054—Dr. A. D. Campbell (University of Otago, New Zealand). 
Fellowship held at: The University of Glasgow. 
1954--1955-——Dr. L. E. Smythe (University of Tasmania). 
fellowship held at; The University of Cambridge. 


The Executive wishes to record its thanks and appreciation for the assistance rendered 
in the countries concerned, where in each case a selection committee was appointed to advise 
the Executive concerning the appointments, No Fellowship was awarded for the year 
1955-1956, but it is intended that the next award, for the year 1956—1957, shall be made 
to a graduate of a South African university. 

“ The Executive wishes to record its grateful thanks to the Chairman and Directors 
of Imperial Chemical Industries Ltd. for a donation of {300 to assist in the award 
of Fellowships.”’ 


VAN'T HOFF FUND. 

The Committee of the Van't Hoff Fund for the endowment of investigations in the field 
of pure and applied chemistry invites applications for grants from the fund. 

The amount available for 1957 is about 1600 Dutch guilders, and applications should 
be sent by registered post to Het Bestuur der Koninklijke Nederlandse Academie van 
Wetenscheppen, bestemd voor de Commissie van het “ Van't Hoff Fonds,’’ Trippenhuis, 
Kloveniersburgwal 29, Amsterdam, before November Ist, 1956. Applicants must state 
the amount of the grant desired and the purpose for which it is required, 


MINUTES OF SCIENTIFIC MEETINGS 
Minutes of a 
SCIENTIFIC MEETING 
held at Burlington House on Thursday, May 3rd, 1956, at 7.30 p.m. 


The President, Professor E. L. Hirst, M.A., D.Sc., F.R.S., was in the Chair. 


MINUTES. 

The minutes of the Scientific Meetings held at Burlington House on February 16th 
and at the University of Nottingham on March 26th and 28th, 1956, were taken as read, 
and were confirmed and signed. 


FORMAL ADMISSION OF FELLOWS. 
The following were admitted Fellows of the Society : A. C. Riddiford, N. L. Paddock, 
C, J. L. Booker, 
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SCIENTIFIC COMMUNICATIONS. 
The following papers were presented : 


Transport to the Surface of a Rotating Disc,’’ by D. P. Gregory and A. C. Riddiford. 

“On the Photodecomposition of Carbon Dioxide and of Ammonia by Xenon 1470A 
Radiation,” by H. Jucker and Sir Eric Rideal. 

‘‘ The preparation of active solids by thermal decomposition. Part IX. The calcin- 
ation of ferric oxide hydrate and of lepidocrocite,”’ by J. F. Goodman and §. J. Gregg. 


LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objections to the election of these candidates should communicate with the 
Honorary Secretaries within ten days of the date of the publication of the Journal for June, 1956. Such 
objections will be treated as confidential, The forms of application are available in the Library.) 


Axford, Thomas Ewart, B.Sc. (Madras). British. 25, King Edward Road, Oldfield Park, Bath, 
Somerset. Lecturer in Chemistry at City of Bath Technical College. Signed by: P. A. R. Freeman, 
A. J. H. Hamblin. 

Bayer, Zdenek. Czech. Spol. dom, Svit-Tatry, Czechoslovakia. Research at the Institute of Artificial 
Fibres, Svit-Tatry. Signed by: J. Jelinek, M. Bil 

Bohny, Paul Emil, Ph.D). (Basle). Swiss. 134, Wigmore Street, London, W.1. Manager of Sandoz 
Products Ltd. Signed by: L. H. Lampitt, J. Walker 

Bush, Donald James, B.A. (Cantab.). British. 31, St. Charles Square, North Kensington, W.10 
Senior Technician at the Postgraduate Medical School, W.12 Signed by; K. E. Howlett, C. E 
Dalgliesh 

Cockburn, Bruce Lindsey, B.Sc. (Wellington). British. 22, Taft Street, Wellington, S.W.1., New 
Zealand. Student. Signed by: S. N. Slater, W. E. Dasent 

Collette, John Wilfred, 13.Sc. (Alberta). Canadian. Chemistry Department, University of California, 
Berkeley, California, U.S.A. Teaching Assistant Signed by: A. Streitwieser, W. G. Dauben 

Collett-Jones, Thomas, M.P.S. British. 30, High Street, Burnham, Bucks. Director. Signed by 
H. H. Jones, P. W. C. Barnard 

Conte, John Salvatore, A.B. (La Salle College). American. Leahy and Anderson Avenue, Swedesboro, 
New Jersey, U.S.A. Student at Louisiana State University Signed by: H. I, Stonehill, O. S 
Pascual 

Corbett, Terence Guy, B.Sc. (Wellington). British. Weir House, Salamanca Road, Kelburn, Welling- 
ton, W.1., New Zealand. Student. Signed by: S. N. Slater, W. E. Dasent. 

Cowper, Robert Munro, Ph.D. British. 14, Cowdray Crescent, Kenfrew. Head of Research Laboratory, 
J. and P. Coats Ltd., Paisley. Signed by: RB. M. Gailey, J. D, Loudon 

Crew, John Leonard. [British. 81, Bolina Road, South Bermondsey, S.E.16. Lubrication Chemist 
Signed by: M. Vahrman, R. F. Greenwood 

Dendy, David Albert Victor, 8. Sc. (Liv.), AR. British. 8, Sherburn Close, Barlow's Lane, Faza 
kerley, Live:pool9. Research Student at Liverpool University. Signed by: A. Robertson, L). A. H 
Taylor. 

Di, Maung, B.Sc. (Rangoon). Burmese. 76, West Cromwell Road, London, 5.W.5. Student at 
Imperial College. Signed by; B. Atkinson, M. M. Gale 

Eberson, Lennart Eugen. Swedish. Kegementsgat 58, Malmé, Sweden. Research Assistant. Signed 
by: E. Larsson, S. Sunner 

Harper, David Augustine, Ph.D. (Liv.), FRI British. Baldrand, Bowerham Koad, Lancaster 
Managing Director of Storey Brothers and Co. Ltd., White Cross, Lancaster, Signed by: M.A. 1 
Rogers, K. J. W. Reynolds 

Hertler, Walter R., A.B. (Pennsylvania). American. 47, Noyes Laboratory, University of Hlinois, 
Urbana, Illinois, U.S.A. Student. Signed by: D. Y. Curtin, R. W. White 

James, Frederick Charles, M.Sc. (Meibourne). British. 66, Laurel Grove, Blackburn South, Victoria, 
Australia. Lecturer in Organic Chemistry, Royal Melbourne Technical College. Signed by: K.H 
Pausacker, P. F. Nelson 

Lawler, James Joseph, B.Sc. (U.C.D.), ARI Irish. 336, Lordship Lane, East Dulwich, 5.2.22 
Lecturer in Chemistry at East Ham Technical College. Signed by: P. L. Wyvill, L. J. Couzens 

Lebel, Norman Albert, A.B. (Bowdoin College). American. 332, Westgate West, Cambridge 39, 
Massachusetts, U.S.A. Student at Massachusetts Institute of Technology. Signed by: A. C 
Cope, F. D. Greene 

Matheson, Norman Keith, M.Sc. (Sydney), Ph.D. (Edin British. Chemistry Department, Queen's 
University, Kingston, Ontario, Canada. Post-Doctorate Fellow. Signed by: J. K. N. Jones, 
K. E. Russell 

Nauta, Wybe Thomas. Putch. Looiersgracht 27-39, Amsterdam-C, Holland. Professor of Organic 
and Medicinal Chemistry, Vrije Universiteit, Amsterdam. Signed by: J. Coops, J. P. Wibaut 


70 


Nield, Eric, 3.Sc. (Birm.). British. Chemistry Department, The University, Edgbaston, Birmingham 
15. Kesearch Student. Signed by: J. C. Tatlow, G, Fuller, 

Oldham, Kenneth Gordon, B.Sc. (Lond.). British. 10, Queen’s Avenue, Finchley, N.3. Student at 
University College, London. Signed by: P. W. C. Barnard, C. A. Bunton. 

Ollic, Raymond Walter, M.Sc. (New Zealand). British. 2, Abbey Street, Auckland, C.2, New Zealand. 
i ccturer in Chemistry at Auckland University College. Signed by: F. J. Llewellyn, L. H. Briggs. 

Pope, Gerald Seaton, Sc. (Reading), D.Phil. (Oxon.), A.R.LC. British. 19, Westlands Avenue, 
Shinfield, Keading. Research Chemist. Signed by: H. D. Kay, A. W. Marsden. 

Redfern, John Priestnall, B.Sc. (Lond.), A.K.LC. British. 35, Nimrod Road, London, S.W.16. 
Lecturer in Inorganic Chemistry at Battersea Polytechnic. Signed by: J. E. Salmon, J. Genge. 

Rosenberg, Arthur Stanley, 2.5. (Vermont). American. 47, Park Vale Avenue, Allston 34, Massa- 
chusetts, U.S.A, Student. Signed by: T. E. C, Knee, C. G. Swain 

Rosenblum, Myron, A.B. (Columbia), A.M. and Pb.D, (Harvard), American. Department of 
Chemistry, Illinois Institute of Technology, Chicago 16, Hlinois, U.S.A. Teacher. Signed by: 
Kt. Filler, M. L. Bender, 

Batchell, Derek Peter Norman, Ph.D. (Lond.). British. 51, Brancaster Road, Purley, Surrey 
Assistant Lecturer in Chemistry at King’s College. Signed by; 1. R. Beattie, N. D. Weston. 
Smolinsky, Gerald, 13.5. (Drexel Inst. of Technology). American. Department of Chemistry, Uni- 
versity of California, Berkeley 4, California, U.S.A. Student. Signed by; A. Streitwieser, D. S 

Noyce 

Summers, Lindsay Anderson, Ph.D. (Glas.). British. c/o Richmond, 38, Caledonia Road, Saltcoats, 
Ayrshire, Research Chemist with I.C.1. Ltd., Nobel Division, Stevenston. Signed by: J. Peters, 
B. W. Pengilly 

Veale, Colin Ronald, Ph.D. (Lond.), A.R.C.S., D.LC., A.R.LC. British. 37, Eastmont Road, Esher, 
Surrey. Research Chemist. Signed by: G. R. Davies, N. E. Topp. 

Wall, Richard Arthur, A.B. (California), Ph.D. (Edin.). American, 20, Jane Street, Apartment 3B, 
New York 14, New York, U.S.A. Chemist with U.S. Army. Signed by: K. C. B. Wilkie, J. K. N 
Jones 

Ward, Peter George. British. 195, Britannia Road, Ipswich, Suffolk. Medical Research Technician 
with the Human Nutrition Research Unit. Signed by: D. J. G. Ives, W. Wardlaw. 

Weitzman, Peter David Jacob. I[ritish. 19, Amesbury Crescent; flove, Sussex. Undergraduate at 
Oriel College, Oxford, Signed by; L. A. K. Staveley, B. R, Brown. 

Woods, Mervyn Charles, 13.Sc. (Western Australia). Australian. 89, Mabel Street, North Perth, 
Western Australia. Student at University of Western Australia. Signed by: D. E. White, R. L. 
Heppolette 

Zollinger, Heinrich, D.Sc. (Zurich). Swiss. 9, Im Marteli, Binningen, Switzerland. Research Chemist 
with Ciba Ltd., Basle. Signed by: C. K. Ingold, E. D. Hughes. 


UNDER SPECIAL PROVISION APPERTAINING TO CANDIDATES RESIDENT ABROAD. 


Ahmad, 8. Shahabuddin, M.Sc. (Patna). Pakistani. Department of Chemistry, Rajshahi University, 
Kajshahi, Kast Pakistan, Lecturer in Chemistry. Signed by: M. I. D. Chughtai. 

Dun, Alan. [ritish. University of New England, Armidale, N.S.W., Australia. Demonstrator. 
Signed by: N,V, Riggs, 


PAPERS ACCEPTED 
(List of Papers accepted between April 19th and May 17th, 1956, 
for publication in the Journal.) 


“ The polarographic reduction of xanthone and methoxyxanthones.” By W. E. 
WuHitMAN and L. A. WILEs. 

Studies on the aloins. Part I. The structure of barbaloin.”” By J. Everyn Hay 
and L. J. HAYNEs. 

Synthesis in the quinazolone series, Part II]. Synthesis of quino- and quinazo- 
quinazolones."" By THzopora StepHEeN and HENRY STEPHEN. 

“ Syntheses in the quinazolone series. Part III. The formation of quinazo[4 : 3-b)- 
quinazol-8-one and 2-0-aminophenylquinazol-4-one during the preparation of 4-chioro- 
quinazoline,"” By THropora STEPHEN and HENRY STEPHEN. 

Kinetics and mechanism of hydrochlorination of the surface of rubber latex particles.’ 
By MANFRED GORDON and THOMAS CARBARNS. 

Preparation, stability, and complex formation of aryloxyboron compounds.” By 
T. CotcLoucu, W. Gerrarp, and M. F. Laprvert, 

“ lon-exchange studies of solutions of borates.” By D. A. Everest and W. J. Popiev. 
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“ Molecular polarisability. The C-C, C-O, C=O, C-Cl, C-Br, and C-I link polaris- 
abilities, and the conformations of cyclopentane, of cyclohexyl chloride, bromide, and iodide, 
of cyclopentanone, cyclohexanone, cyclohexane-| : 4-dione, camphor, paraldehyde, and 
tetrahydrofuran.”” By (Mrs.) C. G. Le Févre and R. J. W. Le Févre. 

“ The crystal structure of dimethylketen dimer."” By P. H. FriepLanper and J. 
MONTEATH ROBERTSON. 

“Interaction of acetyl peroxide with but-3-enoic acid and crotonic acid. A new 
example of allylic shift of olefinic bond in free radical reactions.’ By K. B. L. Marnur 
and R. S. THAKUR. 

‘“ E.m.f. measurements in acetone-water mixtures: the cell H,(Pt)|HCl|/AgCl-Ag.”’ 
By D. Feaxins and C, M. Frencu. 

““ Monomethiodides of some 3-substituted 4: 7-phenanthrolines."" By W. O. Sykes. 

‘ The isomeric eudesmols and their association with carissone in Eucalyptus macarthuri.” 
By F. J. McQuiturn and J. D. Parrack. 

“ Preparation of 4-substituted 2-dimethylamino-5-nitro- and -5-amino-pyrimidines,” 
By D. G. SAUNDERS. 

‘ The preparation and properties of some plutonium compounds. Part V. Colloidal 
quadrivalent plutonium.” By D. W. OcKENDEN and G. A. WELCH. 

“ Raman spectra and constitution of solid hydrates. Hydroxonium perchlorate, 
nitrate, hydrogen sulphate, and sulphate.”” By D. J. Micven and E. G. VAAL. 

“ Anhydro-compounds from nitrogen-containing derivatives of thioglycollic acid. 
Part III, Arylazo-compounds.” By G. F. Durrin and J. D. Kenpaus 

 Polynuclear heteroeyclic systems. Part XI. Absorption spectra of compounds 
containing five-membered rings.” By G. M. Bapcer and B. J. Curistie, 

“a1: 4-Glucosans. Part IV. A _ re-examination of the molecular structure of 
Floridean starch.”” By I. D. FLemine, E. L. Hirst, and D. J. MANNERS. 

“ The absorption of uncharged molecules by ion-exchange resins.” By D. Reicnen- 
BERG and W. F. WALL. 

“The pyrolysis of chloroalkenes. Part IV. The radical chain decomposition of the 
1 : 2-dichloroethylenes.”” By (Miss) A. M. GoopaLt and K. E. How ett, 

“Chemistry of the higher fungi. Part VI. Isomerisation reactions of naturally 
occurring allenes.” By J. D. Bu’Locx, E. R. H. Jones, P. R. Leemine, and J. M. 
THOMPSON, 

“ An observation concerning aluminium complexes of flavonols."" By J. A. BALLANTINE 
and W. B. WHALLEY. 

‘ Some chlorinated derivatives of phloroglucinol.”” By G. Ltoyp and W. B. WHALLEY. 

“ 3-Aroylcoumarones.” By W. B. WHALLEY and (in part) G. LLoyp. 

“ The degradation of carbohydrates by alkali. Part XII. 6-O-Methyl and 3: 6- and 
4: 6-di-O-methyl-p-glucoses.” By J. Kenner and G. N. RICHARDS. 

“The alkaline degradation of carbohydrates. Part XIII. 2: 3-Di-O-methylglucose 
and its conversion into 5-hydroxymethylfurfuraldehyde.” By J. Kenner and G. N 
RICHARDS. 

“ cycloHexane-1 : 3-diones. Part I. Hydrolysis of ethyl 2: 4-dioxo-6-styryleyclo- 
hexanecarboxylate.” By G, R. Ames and W. Davey. 

‘ Benzyloxymalondialdehyde. An intermediate in the oxidation of 2-0-benzyl-p- 
arabinose with sodium periodate.” By J.C. P. Scuwarz and (in part) Myra MACDOUGALL. 

“ Structure and reactivity of the oxy-anions of transition metals. Part I. The 
manganese oxy-anions.”” By A. CARRINGTON and M. C. R. Symons. 

“ Organic complex-forming agents for metals. Part IJ. Preparation of 5-hydroxy- 
and 5: 8-dihydroxy-quinoxalines and related compounds.” By E. S. Lane and C, 
WILLIAMS. 

“ Buta-1 : 3-diene-2-carboxylic acid.” By E. A. Braupe and E. A. Evans, 

“ Alkenylation with lithium alkenyls. Part XIII. 1-Methylvinyl-lithium (isoprop 
enyl-lithium).”” By E. A. Braupe and E. A. Evans 

“ Statistical thermodynamic interpretation of the sorption of water and methanol 
by carbon.” By R. M. Barrer and W. I. Stuart. 
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 Triterpenoids, Part LIII. The constitution and stereochemistry of butyrospermol.”’ 
by WILLIAM Lawnkie, WILLIAM Hamiton, F. S. Sprinc, and H. S. Watson. 

Chemical constitution and the dissociation constants of monocarboxylic acids. Part 
XV. Steric effects in substituted nitrobenzoic acids.” By J. F. J. Dirry, S. R. C. Hucues, 
and J. W. Laxton. 

Absorption spectra of ketones, Part V. y-Substituted «$-unsaturated ketones.” 
Ly C. W. Birp, R. C. Cookson, and S$. H. DANDEGAONKER. 

“The chemistry of the triterpenes and related compounds. Part XXIX. The 
chemistry of butyrospermol."” By M. C. Dawson, T. G. HALsat, E. R. H. Jones, G. D. 
Mrakins, and P. C. PHivvips. 

“ The chemistry of fluorene. Part V. The preparation of 9 : 9-dialkylfluorenes and 
the dehydrohalogenation of 9-halogenoalkylfluorenes.”” By E. J. Greennow and D. 
McNew 

“ Purines, pyrimidines, and glyoxalines. Part Ill. A new synthesis of 2-thiouracils.” 
By M. R. Atkinson, G. SHAW, K. SCHAFFNER, and R. N. WARRENER 

“The reaction of 3: 4-dihydro-4-oxobenz-l ; 2: 3-triazine with phosphorus penta- 
chloride and phosphorus oxychloride."" By D. BucKLEy and M. S. GiBson. 

‘Griseoviridin. Part IIl. Degradation to 10-aminodecanoic acid and other reactions.” 
By D. E. Ames and R. E. Bowman. 

 Molecular-weight studies of dextran.”” By G. C. Bootu and V. GoLp. 

The condensation products of malononitrile and certain cyclic keto-amines.”” By 
. |. lvryverau and Frepericx G. MANN. 

Unsaturated fatty acids. Part II], The synthesis of linolenic acid.” By S. 5S. 
NicaM and B, C. L. WeEpon., 

“ Hydrogen-transfer. Part IX. The selective dehydrogenation of unsaturated alcohols 
by high-potential quinones."" By E. A. Braupe, R. P. Linsteap, and K. R. WooLpRIDGE 

‘A new synthesis of 6: 8-thioctic acid.’’ By E. A. Braupe, R. P. LinstEap, and 
K. R. H. WooLpRipce 

The dimerisation of mesityl oxide. A novel type of diene addition.”” By E. A 
Braupe, B. Ff, Gorton, G. Lowe, and E, S. Waicurt. 

‘ Quassin and neoquassin. Part IV.” By R. J. S. Brer, K. R. Hanson, and 
ALEXANDER ROBERTSON, 

‘Calciferol and its relatives. Part II. An alternative synthesis of trans-1-2' 
cyclohexylidene-ethylidene-2-methylenecyclohexane.” By B. Lytucor, S. TRIPPETT, 
and J. C. WATKINS 

The preparation of [2:4:7:9-24C,|phenanthroline and 2: 2’-[4: 4’: 6: 6’-1¢C,\di 
pyridyl.’ By Perer Exiis, R. G. Witkins, and M. J. G. WILLIAMs. 

The interaction of boron trichloride with unsaturated alcohols and ethers.” By 
W. GERRARD, M. F. LAppert, and H. B. SILVER. 

Synthesis of cystinol.”” By J. C. CRAWHALL, D. F. Evtiort, and K. C. Hooper. 

 Ferrocene derivatives. Part III. cycloPentadienyliron carbonyls.”’” By B. F. 
HALLAM and P. L. PAUSON 

‘ Thermodynamics of hydrocarbon mixtures. Part Il. Heats of mixing of the binary 
mixtures formed by benzene, cyclohexane, n-heptane, toluene, and n-hexane.”’ By 
A. R. Matureson and J. C. J. THYNNE. 

‘ Pteridine derivatives. Part II]. Bisdihydropurinyls.” By W. E. Fipier and 
H. C. S. Woop 

‘ Notes on four anomalous substitution reactions.”” By F. Bet. 

“Synthesis of tetramethylhydrazine by photolysis and pyrolysis of tetramethyl 
tetrazan."’ By J. S. WATSON. 

‘Preparation of l-oxygenated steroids. The reaction of 36-hydroxycholest-l-ene 
with thionyl chloride.’”’ By H. B. Hensest and R. A. L. Witson. 

‘The synthesis of (+-)-angustione and related compounds.” By G. R. Ensor and 
W. WILSON 

‘' N-Oxides of some hydroxy- and amino-quinolines.”” By D. E. AMgs, C.S. FRANKLIN, 
and T, F, Grey. 
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‘“ The preparatio::. via thiuronium salts, of optically active thiols.” By C, L. Arcus 
and P. A. HALLGARTEN, 

‘‘ Researches on acetylenic compounds, Part LII. The preparation and anomalous 
absorption spectra of some bicyclo{(2: 2: l|heptane derivatives.” By E. R. H. Jongs, 
G. H. MANSFIELD, and M. C. WHITING. 

‘ Some new analogues of pethidine. Part I.’’ By R. J. ANperson, P. M. FREARSON, 
and E, 5. STERN. 

“ Colouring matters of the aphididae. Part XV. The alkaline inversion of erythro 
aphin-si and its derivatives.” By A. W. JoHNSON, SiR ALEXANDER Topp, and J. C. 
WATKINS. 

‘“ Hydropteridines. Part IV. 5:6:7: 8-Tetrahydropteridine.” By P. R. Brook 
and G. R. RAMAGE. 

“ Lactones. Part III. A further example of alkyl-oxygen bond fission in phthalide 
ring opening.”’ By Joun Brair, W. R. Locan, and G. T. NEWBOLD. 

“The viscosities of iodine pentafluoride and ditellurium decafluoride.” By G., 
HETHERINGTON and P. L. RoBInson. 

Aconitum and delphinium alkaloids. Part II. Inter-relation of the functional groups 
of delpheline.”” By R. C. Cookson and M, E. Treveri 

‘“ The constituents of Casimiroa edulis Lilave et Lex. Part 1. The seed.” By F. A 
Kinci, J. Romo, G, ROSENKRANZ, and FRANZ SONDHEIMER. 

“The constituents of Casimiroa edulis Liave et Lex. Part II. The bark.” By 
J. IntArTE, F. A. Kinci, G. ROSENKRANZ, and FRANZ SONDHEIMER. 

‘ 4-Hydroxytsophthalic acid.””. By S. E. Hunt, J. [pris Jones, and A. S. Linpsry, 

‘ Elaboration products of eucarvone.”” By J. R. B. Camppecrt, A. M. Istam, and 
R. A. RAPHAEL. 

“ The hydrolysis of 3: 5-dinitrobenzoates.’" By J. Caste.ys and G. A. FLETCHER. 

“A search for new trypanocides. Part II. 4-Amino-6-dialkylaminoquinaldines.” 

sy H. BADER. 

‘ Tetronic acids and related compounds. Part I. Synthesis from a-hydroxy-esters.’ 
By L. J. Haynes and A. H. STANNERS. 

‘Some observations on the sulphonation of diphenyl sulphide.” By J. Catt and 
A. A. WILLIAMS. 

‘The oxidation of derivatives of o-phenylenediamine. Part IV, A new series of 
glyoxalinophenazines derived from anilinoaposafranines and their behaviour on hydrogen 
ation.”” By Vincent C, Barry, J. G. Betton, J. fF. O'SULLIVAN, and Dermot Twomey. 

‘A new synthesis of 4-hydroxycoumarins.”’ By J. F. Garpen, N. F. Hayes, and 
R. H. THOMson, 

“ 2-Acyl derivatives of cyclic 1: 3-diones. Part III, Ultraviolet and infrared absorp 
tion spectra of 2-acyleyclohexane-1 : 3-diones."" By W. R. Cuan and C. H. HASSALL. 

“ Studies on the Diels-Alder reaction. Part IV. Reduction products of cis-syn 
1:4:5:6: 12:13: 14: 15-octahydro-8-methoxy-1 : 4-dioxochrysene and their inter- 
relation.” By P. A. Ronins and JAMES WALKER. 

“A new and specific aromatisation reaction. Part I." By P. A. Rosins and JAmMEs 
WALKER 

“The heat of hydrolysis of ethyl orthosilicate and of chlorotriethoxysilane.” By 
lr. Fiircrort and H. A. SKINNER. 
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ADDITIONS TO THE LIBRARY 


Acridines, by RK, M. Acheson, with a chapter 
by L. FE. Orgel. (The Chemistry of Hetero- 
cyclic compounds, a series of monographs, 
edited by A. Weissberger. Vol. 9. Inter- 
science Publishers, Inc. 1956. 

Physics and chemistry of the earth, edited 
by L. H. Ahrens, Kalervo Kankama and §S. K. 
Kuncorn, Vol. 1. Pergamon Press. 1956. 
(Presented by the Publishers.) 

Determination of toxic substances in the air 
of industrial premises, by M. V. Alekseyeva, 
B. Ye. Andronov, S. S. Gurvits, and A, S, 
Zhitkova. (In Russian.) 1954, (Presented 
by the U.S.S.K. Academy of Sciences.) 

The properties and microstructure of uran- 
ium dioxide; their dependence upon the mode 
of preparation, by J. S. Anderson, E. A, 
Harper, S. Moorbath, and L, E, J. Roberts. 
(Atomic Energy Kesearch Establishment C/R 
486.) Atomic Energy Research Establish- 
ment. 1055. 

The applications of latex to textile and 
allied materials, by C. M. Blow. (Natural 
Kubber Latex and its Applications, No, 5.) 
Natural Kubber Development Board. 1956. 
(Presented by the Publishers.) 

The determination of rubidium and caesium 
in sodium-—potassium alloys and _ related 
materials by radioactivation, by M, J. Cabell 
and A. Thomas. (Atomic Energy Research 
istablishment C/R 1726.) Atomic Energy 
Research Establishment, 1955. 

Production of azo-dyes, by M, A. Chekalin 
and F. F. Yeremin, (In Russian.) 1952. 
(Presented by the U.S.S.R. Academy of 
Sciences.) 

Untersuchungen tber Aceton als Lésungs- 
mittel fir Acetylen Forschungsstelle fir 
Acetylen, Dortmund,  (Forschungsberichte 
des Wirtschafts- und Verkehrsministeriums 
Nordrhein-Westfalen, edited by L. Brandt. 
Nr. 14.) Westdeutscher Verlag. 1952. 
(Presented by the Publisher.) 

Uber die Zustandsgleichung des gasférmigen 
Acetylens und das gleichgewicht Acetylen- 


aceton, Forschungsstelle fir Acetylen, Dort- 
mund. (Forschungsberichte des Wirtschafts- 
und Verkehrsministeriums Nordrhein-West- 


falen, edited by L, Brandt. Nr, 78.) West- 
deutscher Verlag. 1054. (Presented by the 
Publisher.) 

Molecular volume and structure, by T. W. 
Gibling. In manuscript. (Presented by the 
Author.) 

Gmelins 
Chemie 
Technologie 


Verlag Chemie, GMBH. 


anorganischen 
Lieferung 1, 
8th edn. 


Handbuch der 
Calcium, Teil B 
System-nummer 28, 
1956. 


Alloys of iron with chromium and man- 
ganese, by A. T. Grigor’ev. (In Russian.) 
1962. (Presented by the U.S.S.R. Academy 
of Sciences.) 

finfibrung in die Chemie der komplex- 
verbindungen, by A. A. Grinberg. Veb Ver- 
lag Technik. 1955. 

Untersuchungen tiber den Druckverlauf bei 
der explosiblen Zersetzung von gasférmigem 
Acetylen, by Hélemann, P. (Forschungs- 
berichte des Wirtschafts- und Verkehrsminis- 
teriums Nordrhein-Westfalen, edited by L. 
Brandt. Nr. 110.) Westdeutscher Verlag. 
1954. (Presented by the Publisher.) 

Untersuchungen tiber die Léslichkeit von 
Azetylen in verschiedenen organischen Lé- 
sungsmitteln, by P. Hélemann and R. Hassel- 
mann. (Forschungsberichte des Wirtschafts- 
und Verkehrsministeriums Nordrhein-West- 
falen, edited by L. Brandt. Nr. 109.) West- 
deutscher Verlag. 1954. (Presented by the 
Publisher.) 

Untersuchungen tiber die thermische Ziin- 
dung von explosiblen Acetylenzersetzungen 
in Kapillaren, by P. Hélemann, R. Hassel- 
mann and G. Dix. (Forschungsberichte des 
Wirtschafts- und Verkehrsministeriums Nord- 
rhein-Westfalen, edited by L. Brandt. Nr. 
102.) Westdeutscher Verlag. 1954, (Pre- 
sented by the Publisher.) 

Applied mass spectrometry. Report of a 
conference organized by the Mass Spectro- 
metry Panel of the Institute of Petroleum, 
and held in London, 1953. Institute of 
Petroleum, 1954. 

Luminescence (with particular reference to 
solid inorganic phosphors), A symposium 
held by the Electronics Group of the Institute 


of Physics at Cambridge, 1954. British 
Journal of Applied Physics, 1955, Supple- 
ment No, 4. Institute of Physics. 1955. 


Proceedings of the International Con- 
ference on the Peaceful Uses of Atomic 
Energy, held in Geneva, 1955. Vol. 7, Nu- 
clear chemistry and effects of irradiation. 
Vol. 9, Reactor technology and chemical 
processing. Vol. 15, Applications of radio- 
active isotopes and fission products in research 
and industry. United Nations. 1956. 

Organomagnesium compounds, by S. T. 
Ioffe and A. N, Nesmeyanov. 3 vols. (In 
Russian.) 1950. (Presented by the U.S.S.R. 
Academy of Sciences.) 

Eine Methode zur Bestimmung von Schwe- 
feldioxyd und Schwefelwasserstoff in Rauch- 
gasen und in der Atmosphire. Kohlenstoff- 
biologische Forschungsstation e, V. (For- 
schungsberichte des Wirtschafts- und Verk- 


kehrsministeriums Nordrhein-Westfalen, edited 
by L. Brandt. Nr. 33.) Westdeutscher Ver- 
lag. 1953. (Presented by the Publisher.) 

Phase equilibria in solution at high pres- 
sures, by 1. R. Krichevskii. (In Russian.) 
1952, (Presented by the U.S.S.R. Academy 
of Sciences.) 

Advances in biological and medical physics, 
edited by J. H. Lawrence and C. A. Tobias. 
Vol. 4. Academic Press Inc, 1956, 

Industrial poisons. Part 1, Organic sub- 
stances. Part 2, Inorganic and elementary 
organic compounds, Edited by N. V. Lazarev. 
(In Russian.) 1954. (Presented by the 
U.S.S.R. Academy of Sciences.) 

Chemistry of herbicides and plant-growth 
promoters, by N. N. Mel’nikov, Yu. A. 
Baskakov, and K. S. Bokarev. (In Russian.) 


1954. (Presented by the U.S.S.R. Academy 
of Sciences.) 
D.D.T.: properties and use, by N. N. 


Mel'nikov, V. A. Nabokov, and Ye. A. Pokrov- 
skii. (In Russian.) 1954. (Presented by the 
U.S.S.R. Academy of Sciences.) 

Lithium aluminum hydride in organic 
chemistry, by Vukit M. Miéovic and Mihailo 
Lj. Mihailovié, edited by Kosta V. Petkovic¢. 
(Serbian Academy of Sciences, Monographs, 
Vol. 237. Section for Natural Sciences and 
Mathematics, No. 9.) Serbian Academy of 
Sciences. 1955. 

Alloys of magnesium with aluminium and 
zinc, by V. I. Mikheyeva. (In Russian.) 
1946. (Presented by the U.S.S.R. Academy 
of Sciences.) 

Chemical nature of very strong alloys of 
aluminium with magnesium and zinc, by 
V. I. Mikheyeva. (In Russian.) 1947. 
(Presented by the U.S.S.R. Academy of 
Sciences.) 

Handbook on solubility of salt systems. 
Vol. I. By Ministerstvo Khimicheskoi Pro- 
myshdennosti S.S.S.R. (In Russian.) 1953. 
(Presented by the U.S.S.R. Academy of 
Sciences.) 

Chemistry of steroid hormones, by I. N. 
Nazarov and L. D. Bergel’son. (In Russian.) 
1955. (Presented by the U.S.S.R. Academy 
of Sciences.) 

Chemistry of alkaloids, by A, P. Orekhov. 
(In Russian.) 1955. (Presented by the 
U.S.S.R. Academy of Sciences.) 

De reactie van phenol met formaldehyde. 
Onderzoekingen met behulp van _ papier- 
chromatografie, by H. G. Peer. Uitgeverij 
Excelsior. 1956. (Presented by the Pub- 
lishers.) 

Biographisch-literarisches handwérterbuch 
der exakten naturwissenschaften. Band VI la. 
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Teil 1: A—E. 2. Lieferung. By J. C. Pog- 
gendorf. Akademie-Verlag. 1956. 

Chemistry of organic medicinals, by N. A. 
Preobrazhenskii and E. I, Genlein. (In 
Russian.) 1953. (Presented by the U.S.S.R. 
Academy of Sciences.) 

Phase structure of triglycerides, by G. V. 
Ravich and G. G. Tsurinov. (In Russian.) 
1952. (Presented by the U.S.S.R. Academy 
of Sciences.) 

Chemistry of antibiotics, by M. M. Shem- 
yakin and A. S. Khokhlov. (In Russian.) 
1953. (Presented by the U.S.S.R. Academy 
of Sciences.) 

Synthetic rubbers, by N. I. Smirnov. 2nd 
edn. (In Russian.) 1954. (Presented by the 
U.S.S.R. Academy of Sciences.) 

Methods of handling radioactive indicators, 
by V. IL. Spitsyn, P. N. Kodochigov, M. M, 
Golutvina, A, F. Kuzina, and Z. A. Sokolova, 
(In Russian.) 1955. (Presented by the 
U.S.S.R. Academy of Sciences.) 

Reacties van Aminozuren en Peptiden met 
Aromatische Aldehyden, by E. L. T. M. 
Spitzer. Uitgeverij Excelsior. 1956, (Pre- 
sented by the Publishers.) 

Die Physik der Hochpolymeren, edited 
H. A. Stuart. Vol. 4, Theorie und mole- 
kulare Deutung technologischer Eigensschaften 
von Hochpolymeren Werkstoffen, edited by 
J. P. Berry et al. Springer-Verlag. 1956. 

Photochemistry of dyes, by A, N. Terenin, 


(In Russian.) 1947. (Presented by the 
U.S.S.R. Academy of Sciences.) 
Chromatographic adsorption analysis, 


Selected papers by M. S. Tswett, edited by 
A. A. Richter and T. A. Krasnosselskaja, 
(In Russian.) 1946. (Presented by the 
U.S.S.R. Academy of Sciences.) 

De alkalische hydrolyse van de aethylesters 
van enige a-aminozuren, by J. Van De 
Poel. Uitgeverij Excelsior, 1956, (Pre 
sented by the Publishers.) 

General chemical technology, by 5S. I. 
Vol'fkovich, A, P. Yegorov and D. A. Epshtein. 
Vol. I. (In Russian.) 1952. (Presented by 
the U.S.S.R, Academy of Sciences.) 

Technique of organic chemistry, edited by 
A. Weissberger. Vol, 9. Chemical applica- 
tions of spectroscopy, by A. B. F. Duncan, 
Walter Gordy, E. Norman Jones, F. A. 
Matsen, Camille Sandorfy and W. West, 
edited by W. West. Interscience Publishers, 
Inc. 1956. 

The preparation of plutonium amalgam 
and its reaction with dilute hydrochloric acid, 
by A. G. White. (Atomic Energy Research 
Establishment C/R 1468.) Atomic Energy 
Research Establishment. 1955. 


LOCAL REPRESENTATIVES OF THE CHEMICAL SOCIETY 


Aberdeen, 
Australia. 
Birmingham. 
Bristol. 
Cambridge. 
Canada. 
Ceylon. 
Edinburgh. 
Exeter. 
Glasgow. 


Hull, 
India. 


Irish Republic. 


Leeds. 


Liverpool. 


Manchester. 


Newcasile and 
Durham 


New Zealand. 


Northern Iveland. 


North Wales. 


Nottingham and 


Leicester 


Oxford. 
Pakistan. 


St. Andrews and 


Dundee. 
She field. 


South Africa 
Southampton. 
South Wales. 
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R. H. Thomson, Ph.D., F.R.1.C., Chemistry Department, The University, Old 
Aberdeen, 

K. H. Pausacker, M.Sc., D.Phil., Chemistry Department, University of 
Melbourne, Carlton, N. 3, Victoria, Australia. 

Professor A, E. Alexander, M.A., Ph.D., Chemistry Department, N.S.W 
University of Technology, Sydney, N.S.W., Australia. 

J. C. Tatlow, B.Se., Ph.D., Department of Chemistry, The University, 
Edgbaston, Birmingham, 15 

P. Woodward, B.Sc., Ph.D., Chemistry Department, The University, 
Woodland Road, Bristol. 

R. N. Haszeldine, B.Sc., M.A., Ph.D., University Chemical Laboratory, Pem- 
broke Street, Cambridge. 

Professor J. K. N. Jones, M.Sc., Ph.D., A.R.I.C., Queen’s University, 
Kingston, Ontario. 

M. U. S. Sultanbawa, B.Sc., Ph.D., A.R.LC., Department of Chemistry, 
The University, Colombo, Ceylon. 
G, O., Aspinall, B.Sc., Ph.D., Chemistry Department, King’s Buildings, West 
Mains Road, Edinburgh. 
K. Schofield, B.Sc., Ph.D., 
University, Exeter. 

D. S. Payne, B.Sc., Ph.D., A.R.I.C, Chemistry Department, The University, 
Glasgow, W.2. 

G. W. Gray, B.Sc., Ph.D., Chemistry Department, The University, Hull. 

Professor T, R. Seshadri, M.A., Ph.D., F.R.I.C., Department of Chemistry, 
The University, Delhi, India. 

D, O Tuama, M.Se., Ph.D., F.1.C.1., Medical Research Council of Ireland, 
The Laboratories, Trinity College, Dublin. 

E. Rothstein, Pb.D., D.Sc., A.R.C.S., Organic Chemistry Department, The 
University, Leeds, 2. 

A. K. Holliday, B.Sc., Ph.D., Department of Physical and Inorganic Chem- 
istry, The University, Liverpool. 

D. W. Broad, Ph.D., A.R.1.C., Imperial Chemical Industries Limited, 
General Chemicals Division, Cunard Building, Liverpool, 3. 

A. C. Farthing, M.A., B.Sc., Imperial Chemical Industries Limited, Hexagon 
House, Blackley, Manchester, 9. 

G. D. Meakins, M.A., D.Phil., Chemistry Department, The University, 
Manchester, 13. 

G. Kohnstam, B.Sc., Ph.D., The University Science Laboratories, South 
Road, Durham. 

F. J. MecQuillin, M.A., D.Phil., Chemical Department, 
Newcastle upon Tyne. 

Professor S. N. Slater, M.Sc., D.Phil., A.R.I.C., Chemistry Department, 
Victoria University College, Wellington, New Zealand. 

R. G, R. Bacon, Ph.D., A.R.C.S., Chemistry Department, 
University, Belfast. 

J. E. MeKail, Ph.D., Department of Chemistry, University College of North 
Wales, Bangor. 

T. J. King, B.Se., M.A., D.Phil., Chemistry Department, The University, 
University Park, Nottingham 

E. R. A. Peeling, B.Sc., Ph.D., University College, Leicester. 

R, E. Richards, M.A., D.Phil., Lincoln College, Oxford. 

M. I, D. Chughtai, M.Se.Tech., Ph.D., A R.1.C,, Punjab University Institute 
of Chemistry, The Mall, Lahore, Pakistan. 

C. Horrex,. MSc., Ph.D., Chemistry Department, The 
St. Andrews. 

H. J. V. Tyrrell, M.A., B.Sc., 
Sheffield, 10. 

Professor F, L. Warren, Ph.D., F.R.1.C., Department of Chemistry, Uni- 
versity of Natal, P.O. Box 375, Pietermaritzburg, South Africa. 

N. B. Chapman, M.A., Ph.D., Department of Chemistry, The University, 


F.R.LC., Department of Chemistry, The 


King’s College, 


Queen's 


University, 


Chemistry Department, The University, 


Southampton. 

R. H. Davies, M.Sc., A.R.I.C., Department of Chemistry, University College, 
Singleton Park, Swansea 

A. R. Pinder, B.Sc., Ph.D., F.R.1.C., Department of Chemistry, University 
College, Cardiff. 


July, 1956 


PROCEEDINGS 
OF THE 
CHEMICAL SOCIETY 


OFFICIAL ANNOUNCEMENTS 


DEATHS. 
The Council regrets to announce the deaths of the following Fellows : 
Elected. Died, 
John Broadhouse Herbert Beards (Birmingham) Dec, 4th, 1919. Aug. 1955. 
Gustav Jim Ostling (Helsinki) ......... jum 19th, 1924. Apr. 29th, 1955. 
Martha Annie Whiteley (London) (C. 1928/31) ec, 2nd, 1920 May 24th, 1956. 


CONGRATULATIONS. 
The President has conveyed the congratulations of the Society to the following Fellows 
whose names appeared in the Birthday Honours List for 1956 


C.BE 
Frank Philip Bowden (Cambridge) 
Foster Neville Woodward (Gullane). 


ELECTION OF NEW FELLOWS. 
Honorary Fellows 
The following were elected Honorary Fellows of the Society on June 7th, 1956: 


Robert Sanderson Mulliken (Chicago). 
Robert Burns Woodward (Harvard) 


Fellow S 
The following 29 candidates were elected Fellows of the Society on June 7th, 1956: 
Manuel Aroney,. Margarita Karelsky 
Bal Krishna Avasthi Ronald Walter Lincolne Kimber. 
Jehanbux Framroz Bagli Nicholas Kowanko 
Lionel Cyril Francis Blackman Reuben Sydney Leach 
John Warren Blaker. Zbigniew Jan Okolski 
— Arthur Broomhead., David Charles Priest 
<eginald William Kell Cook Douglas William Russell 
John Michael Crawford. Sidney Frank Simon 
Richard James William Campbell-Davys Lynne Sinclair t 
Cremlyn, Sambasiva Swaminathan 
Morris Dunkel. Nigel Hardy Taylor 
Ronald Hilson Begg Galt Philip Bernard Hague Tinker 
lan Hampson Gibson Edwin F. Ullman 
Patrick Gould. Alan George Walton 
George Solomon Hartman Alan John Williams 
ACKNOWLEDGMENTS. 


The thanks of the Society have been conveyed to the executors of the late Dr. A. F. 
Campbell, who bequeathed his set of the Annual Reports to the Society, and to the National 
Oil Refineries, Ltd. (B.P.), Llandarcy, for a gift of publications of the Society. 


LOCAL REPRESENTATIVES. 
The following appointments have been made 


Manchester: Dr. G. D. Meakins in place of Dr. H. B. Henbest. 
Nottingham and Leicester: Dr. T. J. King in place of Dr. C. C. Addison. Dr. 
E. R. A. Peeling (Leicester) to act jointly with the Local Representative for 


Nottingham. 
Oxford: Dr. R. E. Richards in place of Mr. L. A. K. Staveley. 


The President has conveyed the thanks of the Society to the retiring Local Represent- 
atives for their services to the Society. 


THE HARRISON MEMORIAL PRIZE 

In accordance with the Trust Deed governing the Harrison Memorial Fund, the Selection 
Committee, consisting of the Presidents of the Chemical Society, the Royal Institute of 
Chemistry, the Society of Chemical Industry, and the Pharmaceutical Society, will, after 
December Ist, 1956, consider making an award of the Harrison Memorial Prize. 

The Prize, not exceeding 100 Guineas, will be awarded to the chemist of either sex, 
being a natural-born British subject and not at the time over thirty years of age, who, in 
the opinion of the Selection Committee, shall, during the previous five years, have conducted 
the most meritorious and promising original investigations in chemistry and published the 
results of those investigations in a scientific periodical or periodicals, 

Applications, five copies of which must be submitted, should give the name of the 
applicant (in full), age (birth certificate should accompany the application), degrees 
(with name of University), any other qualifications and experience, titles of published 
papers (with co-authors’ names) including full references to publication, where research 
was carried out, testimonials and references, and any other particulars bearing on the 
application. 

The Selection Committee is prepared to consider applications, nominations, or inform- 
ation as to candidates eligible for the Prize. Any such communication must be received 
by the President, The Chemical Society, Burlington House, Piccadilly, London, W.1, 
not later than Saturday, December Ist, 1956. Candidates must not have attained the age 
of thirty years at this date. 


CORDAY-MORGAN MEDAL AND PRIZE. 

This Award, consisting of a Silver Medal and a monetary Prize of 200 Guineas, is made 
annually to the chemist of either sex and of British Nationality who, in the judgment of the 
Council of the Chemical Society, has published, during the year in question, the most 
meritorious contribution to experimental chemistry, and who has not, at the date of 
publication, attained the age of thirty-six years. 

Copies of the rules governing the Award may be obtained from the General Secretary 
of the Society. Applications or recommendations in respect of the Award for the year 
1955 must be received not later than December 31st, 1956, and applications for the Award 
for 1956 are due before the end of 1957. 


RESEARCH FUND. 

A meeting of the Research Fund Committee will be held in November next. All 
persons who have received grants, and whose accounts have not been declared closed by the 
Council, are informed that reports must be received by the Society not later than November 
Ist, 1956, 

Applications for grants, to be made on forms available from the General Secretary, 
must be received on or before November 15th, 1956. Applications from Fellows will receive 
prior consideration. 

Attention is drawn to the fact that the income arising from the donation of the Worship- 
ful Company of Goldsmiths is principally devoted to the encouragement of research in 
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inorganic and metallurgical chemistry and that the income from the Perkin Memorial 
Fund is to be applied to investigations relating to problems cennected with the coal-tar 
and allied industries. 


MINUTES OF SCIENTIFIC MEETINGS 


Minutes of a 
SCIENTIFIC MEETING 
held at Burlington House on Thursday June 7th, 1956, at 7.30 p.m. 


The President, Professor E. L. Hirst, M.A., D.Se., F.R.S., was in the Chair. 


MINUTES. 
The Minutes of the Scientific Meeting held at Burlington House on Thursday, May 3rd, 
956, were read, and were confirmed and signed. 


FORMAL ADMISSION OF FELLOWS. 

The following were admitted Fellows of the Society: George S. Hammond, J. C. 
Williams, B. M, Luckett, W. S. Crisp, S. Neelakantan, B. C. Easton, P. J. Richardson, 
EK. J. Sparrow, John Milsted, K. F. Watterson, Peter J. Haines, H. G. Baxter, D. J. B. 
Potter, R. J. Otter, J. W. Ducker, Elizabeth Rhodes, G. M. Saul, G.S. Ingram, R. A. Jones, 
P. M. Woodhams, S. W. Bell, Geoffrey Wilkinson, E. D. Nickels, J. C. Lockhart, D. L. Hill, 
Lidia Vallarino, B. M. Gatehouse. 


CENTENARY LECTURE. 

The President called upon Professor G, T. Seaborg to deliver the Centenary Lecture 
entitled ‘ The Present Status of the Transuranium Elements.’’ At the conclusion of 
the Lecture, a vote of thanks to Professor Seaborg, proposed by Professor H. J. Emeléus, 
was carried with acclamation. 


LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objections to the election of these candidates should communicate with the 
Honorary Secretaries within ten days of the date of the publication of the Journal for July, 1966. Such 
objections will be treated as confidential. The forms of application are available in the Library.) 


Bull, John, B.Sc. (Lond.). British. 9%, Lilburne Road, Eltham, 5.E.9. Experimental Officer with the 
U.K. Atomic Energy Autuority. Signed by: C. M. Bere, A. W. Westrup 

Capel, Thomas Ronald. British. 7, St. Mary's Avenue, Finchley, N.3. Technical Assistant to 
Chartered Patent Agents. Signed by; E. W. Moss, L. A. Haddock 

Coe, Colin Gerald. British. 81, Mill Road, Kettering, Northants. National Service. Signed by: G 
Read, J. W. Gramshaw. 

Feilchenfeld, Hans, M.Sc. and Ph.D. (Jerusalem), Israeli. 33, King George Avenue, Jerusalem, 
Israel. Research Director. Signed by: M. Neeman, G. Stein, 

Hambling, James Keith, B.Sc. (Manc.). British. 7, Cornwall Gardens, London, S.W.7, Research 
Student at King’s College. Signed by: S. H. Harper, LD. H. Hey, 

Hamor, Thomas Andrew, B.Sc. (Gias.). British. 17, Spence Street, Glasgow, N.W. Kesearch Chemist 
Signed by: D. S. Payne, J. Bell 

Ittyerah, Puthupparambil Ittyerah, 6.A. (Madras), M.Sc. and Ph.D. (Agra), A.R.L Indian. Depart- 
ment of Chemistry, St. John’s College, Agra, India. Head of Chemistry Department, St. John's 
College. Signed by: RK. N. Haszeldine, F. G. Mann 

Jones, John Bryan, B.Sc. (Wales). British. Chemistry Department, University College, Cardiff 
Research Student. Signed by: A. RK. Pinder, A. G. Evans 

Krentos, Viassios, B.Sc. (Manc.), A.R.1C. British. 10, Warren Road, Filton, Bristol. Agricultural 
Chemist. Signed by: J. R. Quayle, K. Long 
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‘“ The reactivity of 2-bromopent-2-enoic acid.’ By B. J. P. Aties and M. U. S. 
SULTANBAWA. 

‘ Possible f-orbital hybridization in urany! and related complexes."’ By C. A. COULSON 
and G. R. LESTER. 

‘ The structure of Ng-alkyl-6-carboline anhydro-bases."’ By IAN D. SPENSER. 

‘Pteridine studies. IX. The structure of the monohydroxypteridines and their 
N-methyl! derivatives.’” By D. J. Brown and S. F. Mason, 

‘ The decomposition of mercury fulminate."” By B. E. Bartierr, F. C. Tompkins, 
and D. A. YOunNG. 

‘ The decomposition of lead styphnate monohydrate."’ By F. C. Tompkins and D. A, 
YOUNG. 

“ The polarography of oximes.”” By H. J. GARDNER and W. P. GEORGANS. 

‘ Studies in pyrolysis. Part VII. Model systems for the pyrolysis of poly(ethylene 
terephthalate) ; 2 : 2’-dibenzoyloxydiethyl ether, 2-benzoyloxyethyl vinyl ether, and certain 
related vinyl ethers."’ By H. V. R. lenGar and P. D. Ritcuie. 

‘ Electrophilic substitution. Part III. The nitration of phenanthrene.”” By M. J. 5. 
Dewar and E. W. T. WARFORD. 

“ Electrophilic substitution. Part IV. The nitration of diphenyl, chrysene, benzo 
a)\pyrene, and anthanthrene."” By M. J. 5. Dewar, T. Mote, D.S. Uren, and E. W. T. 
WARFORD. 

“ Electrophilic substitution. Part V. Competitive nitrations."" By M. J. S. Dewar, 
T. More, and E. W. T. WARFoRD. 

“ Electrophilic substitution. Part VI. The nitration of aromatic hydrocarbons: 
partial rate factors and their interpretation.’’ By M. J. 5. Dewar, T. Mote, and E. W. T. 
WARFORD. 

‘ The crystal and molecular structure of pteridine."’ By T. A. HAMor and J. MonrEATH 
ROBERTSON. 

‘ Perfluoroalkyl derivatives of nitrogen. Part IV. The synthesis, properties, and 
infrared spectra of perfluoroalkyl isocyanates and carbamates."’ By D. A. Barr and R.N. 
HASZELDINE. 

‘‘ Magnetic studies with copper(I!) salts. Part I. Anomalous paramagnetism and 
bonding in anhydrous and hydrated copper(ii) acetates.” By B. N. Figeis and R. L 
MARTIN. 

“ The fluorination of tellurium. Ditellurium decafluoride and tellurium oxyfluorides.”’ 
By R. CAMPBELL and P. L. Rospinson. 

“The polonium halides. Part III. Polonium tetraiodide."" By K. W. BAGNALL, 
R. W. M. D’Eye, and J. H. FREEMAN. 

‘ Synthesis of lapachenole.”” By R. Livincstone and R. B. Watson 

“ The kinetics of alkyl-oxygen fission in ester hydrolysis. Part V. Olefin formation.” 
By J. C. Hawke and V., R. Stimson. 

‘ Nucleotides. Part XXXVIII. An improved synthesis of uridine-diphosphate- 
glucose (UDPG)."’ By A. M. MICHELSON and Sir ALEXANDER Topp 

“Anomalies in the reduction of 2: 2’-diacetyldiphenyl.”’ By D. Muriet Hatt, 
Joan E. Lapsury, Mary S. Lessig, and E. E. Turner 

‘ Dielectric properties of some aluminium soaps and their solutions in toluene.” 
sy S. M. Netson, A. Gi_mour, and R. C. Pink. 

“ Cytidine nucleotides. Part III. A cytidine-diphosphate-glycerol.”” By J. BApDILEY, 
J. G. Bucnanan, A. P. Maruias, and A. R. SANDERSON. 

‘* peri-Hydroxycarbonyl compounds. Part II. The effect of ring size on hydrogen 
bonding.” By V. C. Farmer, N. F. Haves, and R. H. THomson. 

‘ Heterocyclic imines and amines, Part VII. N-Substituted phthalic imidine deriv 
atives and their reactions with amines.”” By P. F. Ciark, J. A. Evvince, and J. H 
GOLDEN. 

‘Compounds containing directly linked pyrrole rings. Part II. Dialkylamino 
6-isoindigos."” By J. A. E_vipce and J. H. Go_pen 
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‘ Caleulated bond lengths in some cyclic compounds. Part IV. Pteridine and 
melamine, and a correlation curve for C-N bonds."”” By T. H. Goopwin and A. L. Porte. 

“The preparation of the half esters of phthalic acid and of 3-nitrophthalic acid.” 
By M. K. HARGREAVES. 

“ The distribution of ester groups in dextran sulphate and their stability toward 
hydrolytic reagents.” By C. R. RICKETTS. 

“ Chemical action of ionising radiations in solutions. Part XVI. Formation of labile 
phosphate esters from purine and pyrimidine ribonucleotides by irradiation with X-rays 
in aqueous solution.” By M. Dantes, G. ScHo_es, and J. WEIss. 

“ Diaryl-2 : 2’-disulphonic acids and related compounds. Part II. The optical 
stability of a cyclic 2: 2’-thiosulphonate.”” By W. L. F. ArmMareco and E. E. Turner. 

“ The structure of the extracellular polysaccharide of Aerobacter aerogenes A3 (S1) 
(Klebsiella type 54)."" By G. O, ASPINALL, R. S. P. JAMigson, and J. F. WILKINSON. 

“ The preparation of active solids by thermal decomposition. Part 1X. The calcin- 
ation of hydrous ferric oxide and of lepidocrocite."’ By J. F. GoopMAN and S. J. GREGG. 

Structural chemistry of the alkoxides. Part VII. Secondary alkoxides of quadri- 
valent cerium and thorium,”’ By D. C. Brapiey, A. K. CHatreryjee, and W. WARDLAW. 

The synthesis of indeno{2,l-a)perinaphthene.”” By I. M. Arrken and D. H. Reip 

“ The alleged occurrence of vitamin A in baker's yeast.” By F. W. Heaton, J. S. 
Lowe, and RK, A. Morton, 

Physical properties and chemical constitution. Part XXV. (a) Determination of the 
orientation polarization of alkylpyridines in benzene solutions by two independent methods. 
(6) Dipoie moments of alkylpyridines.”” By C. W. N. Cumperr, A. I. VoceL, and S. WALKER. 

Synthesis of heterocyclic compounds from 8-unsaturated 1 : 3-diketo-esters."” By 
GABKA SOLIMAN and LATIF RATEB, 

The kinetics of alkyl-oxygen fission in ester hydrolysis. Part VI. Diphenylmethy] 
esters in aqueous acetone.”” By G. J. HArvEy and V. R. Stimson. 

Infrared spectra and polar effects, Part V. Steric restrictions of polar effects and 
their application in studies on rotational isomerism,”’ By L. J. Bettamy, L. C. THomas, 
and Kk. L. WILLIAMS. 

Interaction of Lewis acids with aromatic hydrocarbons and bases. Part XVII 
rhe association of hexamethylbenzene with substituted p-benzoquinones in carbon tetra 
chloride solution.”” By RK. Foster, D, Lt. Hammick, and P. J. PLacito. 

“ The kinetics and mechanisms of addition to olefinic substances. Part Il. The 
carbonium ionic intermediate involved in addition of hypochlorous acid to isobutene.”’ 
Ky P. B. D. DE LA MARE and ApIB SALAMA. 

The electrical conductance of solutions in nitric acid. Part I. Solutions of di 
nitrogen pentoxide, and of water. The extent of the self-dissociation of nitric acid.’ 
By W. H. Lee and D. J. MILLen. 

‘ The preparation of 4-amino- and other pteridines.”” By R. M. Evans, P. G. Jones, 
P. J. PALMER, and I, F. STEPHENS. 

* Potential thiophen chemotherapeutics. Part V. Preparation and proof of structure 
of some substituted 5-aminothiophen-2-sulphonamides.”’ By J. CyYMERMAN-CRAIG, 
Gy, N. VAUGHAN, and W. K. WARBURTON. 

‘ Co-ordination complexes of methyl derivatives of indium and thallium.” By G. E, 
CoATes and R. A. WHITCOMBE, 

Radical exchange in organometallic compounds. Part I. The replacement of 
methyl by trifluoromethyl.”” By R. N. Haszecpine and B. O. West. 

The mesomorphic behaviour of the fatty esters of cholesterol.” By G. W. Gray. 

The reaction of oximes with isopropyl methylphosphonofluoridate (Sarin). By 
A. L. Green and B. Sav. ok 

“ Studies of the am > ssoquinolines, -cinnolines, and -quinazolines. (A) The basic 
strengths and ultrav.c | ubsorption spectra.’’ By A. R. Osborn and K. SCHOFIELD 
 (B) The infrared spec:rva.”’ By L. N. Snort. 

“ Cinnolines. Part XXXV. Studies of the chloro- and hydroxy-cinnolines.”” By 
A. R. Osporn and K. Scnorre_p. 
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‘ The 3-methylcholestanols and their derivatives.” By D. H. R. Barton, A. pa S. 
Campos-NEVES, and R. C. CooKson. 

‘“ The mechauisms of inhibition and retardation in radical polymerizations. Part III. 
The use of a stable free radical as an inhibitor." By |. C. Bevineron and N. A. GHANEM. 

Transport to the surface of a rotating disc."’ By D. P. Gregory and A. C, Ripprrorp, 

“ Bitter principles of the Cucurbitaceae. Part 1V. Dehydrogenation of cucurbitacin 
A.” By P. R. Ens and D. E. A. Rivertr. 

“ Sulphanilamide derivatives : compounds derived from 2- and 4-aminoquinazoline and 
l-aminophthalazine.”” By H. J. Roppa. 

 Purines, pyrimidines, and glyoxalines. Part [V. Cyanouracils from amines and 
amino-acids.”” By M. R. Arkinson, G. SHaw, and R. N. WARRENER. 

“The aporphine series. Part II. Application of the Bischler—-Napieralski reaction 
to 2-nitrophenyl-N-phenethylacetamides."’ By D. H. Hry and A. L. PALLURL. 

“ Thermodynamics of hydrocarbon mixtures. Part III. The heats of mixing of 
ternary, quaternary, and quinary mixtures formed by benzene, cyclohexane, n-heptane, 
toluene, and m-hexane.’’ By A. R. Matuieson and J. C. J. THynne. 

“ Fluorine-substituted polycyclic compounds.” By G. M. BapGcer and J. F, SrePHENs. 

“ The lupin alkaloids. Part XVI. The synthesis of externally compensated lupanine.”’ 
By G. R. CLemo, R. Raper, and J. C. SEATON. 

Further substitution in 5-substituted benziminazoles.”” By R. D. Brown and M. L. 
HEFFERNAN. 

“ Retardation of the chain-decomposition of benzoyl peroxide by polycyclic aromatic 
hydrocarbons.” By J. J. BATTEN. 

“ The formation of isobut-l-enyl radicals from isobut-l-enylsilver. Part If.” By F. 
GLOCKLING. 

“ The preparation of uniformly “C-labelled substances on a laboratory scale, with 
special reference to -tryptophan.”” By C. E. DaLGLiesn and RK. W. Dutton. 

‘ An apparatus for preparative photosynthesis of C-labelled substances.” By R. W. 
Dutton and C. E, DALGLIESH. 

“ The rates of reaction of copper, zinc, and uranium with organic solvent-—dinitrogen 
tetroxide mixtures.” By C.C. Appison, J. C. SHELDON, and (in part) N. Hopce. 

“A search for new trypanocides. Part III. Some analogues of Suramin.”” By A. 
Apams, J. N. Asuiey and H. BADER. 

“ Some derivatives of 4-propylpyridine and 5 : 6-benzoquinoline.”’” By C. W. Regs. 

‘ Studies in peroxidase action. Part XI. The oxidation of a mixture of amines.” 
By G. M. K. Hucues and B. C. SAUNDERS. 

“ The structure of pulcherrimin.”” By A. H. Cook and C, A. SLATER. 

 Pulcherrimin—a synthesis of 1 : 4-dihydroxy-2: 5-dioxopiperazines.”” By A. H. 
Cook and C, A. SLATER. 

‘ Studies in relation to biosynthesis. Part VIII. The structure of mycelianamide.”’ 
sy A. J. Biren, R. A. Massy-Westropp, and R. W. RIcKARDS. 

“ The Janovsky reaction.” By M, J. NeEwLanps and F. WILD. 

‘ Polypeptides. Part IV. The self-condensation of the esters of some peptides of 
glycine and proline.”” By H. N. Rypon and P. W. G. Smiru. 

“ The resolution of secondary and tertiaty alcohols containing the pyridyl group.” 
By Atwyn G. Davies, J. Kenyon, and KuMAR THAKER. 

“ Modification of the procedure for converting nitriles into aldehydes."” By (Mrs.) T. 
STEPHEN and HENRY STEPHEN. 

“ The preparation of methyl and ethyl @-amino-«-(N-substituted benzimidoyl)croton 
ates and their conversion into methyl] and ethyl 3-methyi-1 : 5-diphenylpyrazole-4-carboxyl- 
ates.”” By B. Staskun and H. STEPHEN. 

The racemisation of 9 : 10-dihydro-3 : 4-5 : 6-dibenzophenanthrene.”” By D. Murre. 
HALL. 

“ A note on the effect of solvent on the rates of solvolysis of | ; 2-dichloro-2-methyl- 
propane and of 3-chloro-2-methylprop-l-ene, and the rearrangement of the latter chloride 
in formic acid.” By P. B. D. DE LA Mare, K. Lerrex, and ApiB SALAMA. 
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ADDITIONS TO THE LIBRARY 


Mass spectrometer researches, by G. P 
Barnard. (National Physical Laboratory 
H.M.S.O. 1956. (Presented by the National 
Physical Laboratory.) 

Beilsteins Handbuch der  organischen 
Chemie, edited by F. Kichter. 4th edn., 2nd 
suppl., Vol, 28, Part 2. General Sachregister 
fiir das Hauptwerk und die Erganzungswerke 
I und II, H-Z Springer-Verlag. 1956 
(Presented by the Editor.) 

The biochemistry and physiology of bone, 
edited by G. H. Bourne. Academic Press 
Inc, 1956. 
iodine in rocks, 
Annotated bibliography 
1954, with review and tables. Chilean 
1956. (Presented 


Geochemistry of iodine; 
minerals, and soils 
18 
lodine Educational Bureau. 
by the Publishers.) 

Statistical mechanics of irreversible change, 
The Johns Hopkins Press 
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by R. Cox. 
1955 
Ergebnisse der exakten 
ten, edited by S. Fliigge and F. Trendelenburg 
Vol. 29. Springer-Verlag. 1956 

Reduction with complex metal hydrides, 
by N. G, Gaylord. Interscience Publishers 
In 1956. 

Small-angle scattering of X-rays, by 
and G. Fournet Translation 
Walker. John Wiley & Sons, 


Bs 


Naturwissenschaf 


A 
I y 


In 


Guinier 

C. B 

1955. 
The chemistry and reactivity of collagen, 

by K. H. Gustavson. Academic Press In¢ 

1956, 

The chemistry of tanning processes, 
H. Gustavson. Academic Press 


by 
K Im 
1956 

The chemical constitution of natural fats, 
by T. P. Hilditch. 3rd edn. Chapman & 
Hall Ltd. 1956. 

Proceedings of the International Conference 
on the Peaceful Uses of Atomic Energy held 
in Geneva, 1955. Vol. 8. Production tech 
nology of the materials for 
energy. United Nations 

Blood group substances ; 
and immunochemistry, by 
Academic Press Inc. 1956. 

Preparation and properties of (inorgani 
borates in aqueous solutions, by A. D. Keshan 
Academy of Sciences of the Latvian 5.5_R 
1955. (Presented by the Publishers.) 

Traité de pharmacie chimique, edited by 


used nuclear 
1956. 
their 


chemistry 
Kabat 


A 


P, Lebeau. 4th edn. 5 vols. Masson et Cie. 
1955-56. (Presented by the Publishers.) 

Progrés récents de la chromatographie, by 
E. Lederer. Part 3 Chromatographie sur 
papier des radioéléments, by M. Lederer. 
Hermann & Cie. 1956. (Presented by the 
Publishers.) 

Biochemistry and the 
system, by H. Mcllwain. 
Ltd. 1955. 

Fluidization, edited by D. 
Reinhold Publ. Corp. 1956. 

Nouveau traité de chimie minérale, cited 
by P. Pascal. Vol. 1 Généralitiés, air, eau, 
hydrogéne, deutérium, tritium, hélium et gaz 
Bouissi¢res, M. Haissinsky, 

and R. Viallard. 
(Presented by the 


central nervous 
J. & A. Churchill 


F. Othmer. 


inertes, by G. 
G. Pannetier, 
Masson et Cie 
Publishers.) 

Gas chromatography, by C. Phillips, 
terworths Scientific Publications, 1956. 

Biographisch-literarisches Handwérterbuch 
der exakten Naturwissenschaften, by J. C. 
Poggendorff. Vol. Vila, Part I: A-E. 3. 
Lieferung. Akademie-Verlag. 1956. 

Vapor-plating; the formation of coatings 
by vapor-deposition techniques, by C. F. 
Powell, I, E. Campbell, and B. W. Gonser. 
John Wiley & Sons, Inc. 1955. 

Tables de constantes et données numériques. 
Vol. 6. Constantes sélectionnées pouvoir 
rotatoire naturél. Part 1. Stéroides, by J.-P. 
Mathieu and A. Petit. Masson & Cie. 1956, 
(Presented by the Publishers.) 

The electrolytic and chemical polishing of 
metals in research and industry, by W. J. 
McG. Tegart. Pergamon Press Ltd. 1956. 

Synthetic methods of organic chemistry : 
an annual survey, by W. Theilheimer. Vol. 
10. S. Karger. 1956. 

Ihe life of bacteria; their growth, metabol- 
ism, and relationships, by K. V. Thimann. 
Macmillan Co. 1955 

Ullmanns Encyklopadie der 
Chemie, edited by W. Foerst. 
berei bis Gastrennung. 3rd edn. 
Schwarzenberg. 1956. 

Nitroindanedione, by G 
of of the Latvian 
(Presented by the Publishers.) 

British Chemical Engineering, edited 
W. E. Dick. 1956, 1, No. 1 (May). 
periodical.) Heywood & Co, Ltd 


Pascal, 
1956 


But- 


technischen 
Vol. 7. Par- 
Urban & 


Academy 
1954. 


Vanag 
Sciences S.S.R. 
by 
(A new 


August, 1956 


PROCEEDINGS 
OF THE 
CHEMICAL SOCIETY 


SCIENTIFIC MEETINGS DURING SEPTEMBER AND OCTOBER, 1956 
LONDON. 


Thursday, October 18th, 1956, at 7.30 p.m. 
The following papers will be presented : 
“ Hydroaromatic Steroid Hormones. Part V. Some p-Homo-18 : 19-bis- 
norsteroids.”” By A. J. Birch and Herchel Smith. 


“ The Reduction of Diphosphorpyridine Nucleotide and some Model Com- 
pounds by means of X-Rays.’ By G. Stein and A. J. Swallow. 

“ By-ways of Synthesis of Cortisone from Hecogenin. Part I. %-Dehydro- 
hecogenin as Intermediate in Preparation of 11-Oxygenated Compounds (11-Oxo- 
tigogenin and 36-Acetoxy-ha-pregnan-17a-ol-11 : 20-dione). Part I]. A Route 
to 11-Oxygenated Compounds through 11-Bromo-5a-pregnane-38 : 206-diol-12- 
one Diacetate.”” By R. K. Callow and V. H. T. James. 

To be held in the Rooms of the Society, Burlington House, W.1. 
Abstracts of the Papers may be obtained from the General Secretary. 


ABERDEEN. 
Friday, October 19th, 1956, at 7.30 p.m 


Lecture, The Biochemical Revolution, by Mr. M. A. Pyke, M.A., B.Sc. Joint 
Meeting with the Royal Institute of Chemistry and the Society of Chemical 
Industry, to be held at Marischal College 


BIRMINGHAM. 
Friday, October 12th, 1956, at 4.30 p.m. 


Lecture, Acetylene-Allene Chemistry, by Professor E. KR. H. Jones, D.Se., Ph.D., 
F.R.IC., F.R.S. Joint Meeting with Birmingham University Chemical Society, 
to be held in the Chemistry Department, The University. 


BRISTOL. 


Thursday, October 4th, 1956, at 7.0 p.m. 


Lecture, On the Nature of Meat, by Dr. Ek. H. Callow. Joint Meeting with the 
Royal Institute of Chemistry and the Society of Chemical Industry, to be held 
in the Chemistry Department, The University. 


Thursday, October \8th, 1956, at 7.0 p.m 


Lecture, Degradation of Cholesterol and the Origin of its Carbon Atoms from Acetate, 
by Dr. G, Popjak. Joint Meeting with the Royal Institute of Chemistry and 
the Society of Chemical Industry, to be held in the Chemistry Department, 
The University. 


Thursday, October 25th, 1956, at 5.15 p.m. 


Lecture, Aromatie Substitution, by Professor M. J. S. Dewar, M.A., D.Phil. Joint 
Meeting with the Student Chemical Society to be held in the Chemistry 
Department, The University. 


CAMBRIDGE. 
Monday, October 8th, 1956, at 8.30 p.m. 


Lecture, Amine Oxidation, by Dr. H. B. Henbest, B.Sc., A.R-C.S., A.R.LC. To be 
given in the University Chemical Laboratory, Cambridge. 


EDINBURGH, 
Thursday, October 18th, 1956, at 7.30 p.m, 


Lecture, An Aspect of Natural Product Chemistry, by Professor F. S. Spring, D.Sce., 
Ph.D., F.R.S. Joint Meeting with the Royal Institute of Chemistry and the 
Society of Chemical Industry, to be held in The Pharmaceutical Society 


Rooms, York Place, Edinburgh. 


EXETER 
Friday, October 26th, 1956, at 5.0 p.m. 


Lecture, Modern Research on Phase Transformations, by Professor A. R. Ubbelolide, 
M.A., D.Se., F.R.S. To be given at the Washington Singer Laboratories, 
Prince of Wales Road, Exeter. 


GLASGOW 
Iriday, October 26th, 1956, at 3.30 p.m. 


Lecture, Metal Atoms as Aromatic Systems, by Dr. J. Chatt, M.A., F.R.LC. Joint 
Meeting with the Alchemists’ Club and the Andersonian Chemical Society, to be 
held in Room 24, The Royal Technical College, Glasgow, C.1. 


HULI 
Thursday, October 18th, 1956, at 6.0 p.m. 


Lecture, The Separation of Volatile Substances by Gas-liquid Chromatography, by 
Dr. A. T. James. To be given in the Organic Chemistry Lecture Theatre, The 
University. 


LEEDS 
Thursday, October 25th, 1956, at 6.30 p.m. 


Royal Institute of Chemistry Lecture by Professor W. Bradley, Ph.D., D.Sc., 
F.R.I.C, Joint Meeting with the Leeds University Chemical Society to be 
held in the Chemistry Lecture Theatre, The University. (All Fellows are 
invited.) 


MANCHESTER. 
briday, October 5th, 1956, at 6.30 p.m, 


Lecture, Corrosion Fatigue, by Dr. U. R. Evans, M.A., F.R.S. Joint Meeting with 
the Royal Insitute of Chemistry and the Society of Chemical Industry to be 
held in the Chemistry Lecture Theatre, The University. 


Iriday, October 19th, 1956, at 6.30 p.m. 
Official Meeting and Lecture, Recent Studies in the Stereochemistry of Sub-group 
Vis, by Dr. S. C. Abrahams, B.Sc., A.R.I.C. To be held at The College of 
Technology. 


Wednesday, October 31st, 1956, at 6.30 p.m. 


Meeting for the Reading of Original Papers. Yo be held at 
Technology. 


Ihe College of 


NEWCASTLE AND DURHAM. 


luesday, October 16th, 1956, at 5.15 p.m. 


Lecture, Isotopes in Industry, by Dr. H. Seligman. Joint Meeting with the Durham 
Colleges Chemical Society to be held in the Applebey Lecture Theatre, Science 
Laboratories, The University, Durham 


lriday, October 26th, 1956, at 5.30 p.m. 


3edson Club Lecture, Modern Inorganic Stereochemistry, by Professor K. 5. Nyholm, 
D.Se., Ph.D., A.R.LC. To be given in the Chemistry Building, King’s College, 
Newcastle upon Tyne. (All Fellows are invited.) 


Monday, October 29th, 1956, at 5.15 p.m. 


Lecture, Nucleotide Structure and Function, by l’rofessor |. Kaddiley, D.Sc., Ph.D. 
Joint Meeting with the Durham Colleges (hemical Society to be given in the 
Science Laboratories, The University, Durham 


NORTHERN IRELAND. 


Friday, September 14th, 1956, at 7.15 p.m. 


Lecture, Alr Pollution, by Dr. A. ©. Monkhouse, F.R.LC. Joint Meeting with 
the Royal Institute of Chemistry and the Society of Chemical Industry 
to be held at Queen’s University, Belfast 


1 uesday, October 9th, 1956, at 7.15 p.m. 


Lecture, Chemistry and the Causeway, by Mr. I-. M. Patterson, M.Se., A.R.L¢ 
Joint Meeting with the Royal Institute of Chemistry and the Society of Chemical 
Industry to be held at Queen's University, Belfast 


| uesday, October 30th, 1956, at 7.45 p.m. 


Lecture, Metal Atoms, in Covalent Compounds, as Aromatic Systems, by Dr. J. ( hatt, 
M.A., F.R.LC. Joint Meeting with the Royal Institute of Chemistry and the 
Society of Chemical Industry to be held at Queen's University, Belfast. 


NOTTINGHAM AND LEICESTER. 
Monday, October 29th, 1956, at 4.30 p.m. 


Lecture, Recent Advances in the Chemistry of Bile Salts, by Professor G. A. D. 
Hasiewood, D.Sc., Ph.D., F.R.LC. Joint Meeting with the Chemical Society 
of The University College, Leicester, to be held at University College, Leicester 


OXFORD. 


Monday, October 22nd, 1956, at 8.15 p.m. 


Lecture, Sandwich Complexes, by Professor G. Wilkinson, Ph.D., A.R.C.S. Joint 
Meeting with the Oxford University Alembic Club to be held in the Physical 
Chemistry Laboratory, Oxford. 


SHEFFIELD. 
Thursday, October \8th, 1956, at 7.30 p.m. 


Lecture, The Chemistry of Vitamin B,,, by Professor A. W, Johnson, Ph.D., 
A.R.LC, Joint Meeting with Sheffield University Chemical Society to be held 
in the Chemistry Lecture Theatre, The University. 


SOUTHAMPTON. 
Iriday, October 9th, 1956, at 5.0 p.m. 


Lecture, Sterle Hindrance in Analytical Chemistry, by Dr. H. Irving, M.A., F.R.L.C. 
Joint meeting with the University Chemical Society and the Roya! Institute 
of Chemistry to be held in the Chemistry Department, The University. 


SOUTH WALES. 
Monday, October 5th, 1956, at 5.30 p.m. 


Lecture, Some Recent Studies in Relation to Biosynthesis, by Professor A. J. Birch, 
D.Se., D.Phil. To be given in the Department of Chemistry, University 


College, Cardiff. 


OFFICIAL ANNOUNCEMENTS 


DEATHS. 
The Council regrets to announce the deaths of the following Fellows : 
Elected Died, 
James Bruce Miller (Aberdeen) —..............0..05. Apr. 4th, 1889 May 30th, 1956 
Charles Proud (Westcliff-on-Sea) ............... we Dee, 2nd, 1909 May 25th, 1956 
George Bernard Shapiro (Brooklyn) ............... Feb. 15th, 1951 Oct. 23rd, 1955 
Emily Gertrude Turner (Rotherham) ............ Feb. 21st, 1924 June 14th, 1956 
CONGRATULATIONS. 


The President has conveyed the congratulations of the Society to the following Fellows, 
who completed 50 years of Fellowship on July 5th, 1956 : 


Arthur John Berry (Cambridge). 
Samuel Shrowder Pickles (Bradford-on-Avon) 
William Macro Seaber (London, E.C.3) 

Robert Hutchison Turnbull (London, N.W.7) 


ACKNOWLEDGMENTS 
The thanks of the Society have been conveyed to Mr. R. B. Coliins for a gift of the 
Society's publications 


LOCAL REPRESENTATIVE..SOUTHAMPTON. 


rhe thanks of the Society for his services have been conveyed to Dr. N, Bb, Chapman 
on his retirement as Local Representative for Southampton; Dr, Ishbel G. M, Campbell 
has been appointed as his successor. 


ELECTION OF NEW FELLOWS. 
Che following 39 candidates were elected Fellows of the Society on July Lith, 1956 


>. Shahabuddin Ahmad Norman Albert Lebel 
Thomas Ewart Axford Norman Keith Matheson 
Zdenek Bayer. Wybe Thomas Nauta 

Paul Emil Bohny Eric Nield 

Donald James Bush Kenneth Gordon Oldham 
Bruce Lindsey Cockburn Kkaymond Walter Olliff 

John Wilfred Collette Gerald Seaton Pope 

Phomas Collett- Jones John Priestnall Redfern 

john Salvatore Conte Arthur Stanley Rosenberg 
ference Guy Corbett Myron Rosenblum 

Kobert Munro Cowper Derek Peter Norman Satchell 
John Leonard Crew Gerald Smolinsky 

David Albert Victor Dendy Lindsay Anderson Summers 
Maung I Colin Ronald Veale 

Alan Dun Kichard Arthur Wall 
Lennart Eugen Eberson Peter George Ward 

David Augustine Harper Peter David Jacob Weitzman 
Walter R. Hertler . Mervyn Charles Woods 
Frederick Charles James Heinrich Zollinger 


James Joseph Lawler. 


TIMES OF SCIENTIFIC MEETINGS IN LONDON 

In the postal ballot of Fellows in the London area and Home Counties, a small majority 
favoured a continuance of the present arrangements. The Council has accordingly decided 
that no change should be made 
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RESEARCH FUND. 


A meeting of the Research Fund Committee will be held in November next. All persons 
who have received grants, and whose accounts have not been declared closed by the Council, 
are informed that reports must be received by the Society not later than November Ist, 
1056 

Applications for grants, to be made on forms available from the General Secretary, 
must be received on or before November 15th, 1956. Applications from Fellows will 
receive prior consideration, 


THE PROCEEDINGS OF THE INTERNATIONAL CONFERENCE ON CO-ORDINA- 

TION COMPOUNDS, 

[his publication will contain the papers read at the Amsterdam Conference held on 
\pril 28th May 3rd, 1955, under the auspices of the Royal Netherlands Chemical Society, 
together with the discussions (ca. 400 pages in total), The papers, but not the discussion, 
will be found in Rec. Trav. Chim., 15, 557-924, 1956. 

Orders for the proceedings can be placed on payment of f. 15.0 (fifteen Netherlands 
(Guilders) to Messrs. N.V. Amsterdamse Bank, Lange Vijverberg 4, The Hague, to the 
account of the Royal Netherlands Chemical Society. 

I hose interested are requested to send their orders at their earliest convenience, as only 
4 limited number of copies will be printed. Fellows resident in the United Kingdom should 
wrange to forward payment through their bankers. 


MINUTES OF SCIENTIFIC MEETINGS 
Minutes of a 
SCIENTIFIC MEETING 


held at the University College of North Staffordshire, Keele, Staffordshire, on 
Monday, July 16th, to Thursday, July 19th, 1956. 


Professor H. D. Springall welcomed the Society to Keele 


The President, Professor E. L. Hirst, D.Sc., F.R.S., then took the Chau 


FORMAL ADMISSION OF FELLOWS. 


Che following were admitted Fellows of the Society: D. A. Dowden, I, Steltzer, E. R.S 
Winter, H. Watts, R. Rudham, B, M. W. Trapnell, K. G. Ashurst, John R. Lewis, P. D 
Groves, Ff. Abbey, T. Mottershead, G. M. Burnett, E. J. Blackman, J. I. Landon, J. P. Jones 
John B. Matthews, John M. Thomas, P. White, H. Marsh, Colin Jackson, H. Heaney 
Colin Mortimer, James Grigor, M. R. Harris. 


SYMPOSIUM. 


The Chairman then opened the Symposium on Chemisorption and Professor W. E 
Garner took the Chair for the first session entitled “* Theory of Chemisorption,” 

During the next three days four further sessions took place: ‘‘ Chemisorption on 
Insulator under the Chairmanship of Mr. D. A. Dowden, “ Chemisorption on Metals ’ 
under the Chairmanship of Professor D. D. Eley, ‘‘ Chemisorption on Carbon ” under the 
Chairmanship of Professor W. F. K. Wynne: Jones, and ‘‘ Chemisorption on Semiconductors ’ 
under the Chairmanship of Dr. F. S. Stone. 


\t the conclusion of the meeting, Professor Garner expressed his gratitude to the 
contributors to the Symposium and to the University authorities for hospitality. 

Professor H, D. Springall replied and, on behalf of the Society, Dr. J. Chatt thanked 
both Professor Garner and Professor Springall for their contributions to the success of 
the meeting 
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LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objections to the election of these candidates shoula communicate with the 
Honorary Secretaries within ten days of the date of publication of the Journal for August, 1956. Such 
objections will be treated as confidential. The forms of application are available in the Library.) 


Anbar, Michael, M.Sc., and Ph.D. (Jerusalem). Israeli. Weizmann Institute of Science, P.O. Box No. 
26, Rehovoth, Israel. Research Chemist. Signed by: M. Halmann, F. S. Klein 

Arotsky, Judah. British. 153, Brocket Way, Chigwell, Essex. Student. Signed by: N. B. Chapman, 
M. C. R. Symons. 

Bishop, Derek Charles, 13.Sc. (Lond.) British. 26, Sylvan Avenue, Wood Green, London, N.22, 
Graduate at London University. Signed by: John E. Saimon, C. L. Arcus 

Blackadder, David Andrew, B.Sc. (Edin.). British. 315, Iffley Road, Oxford. Research 
Signed by: R. E. Richards, C. N. Hinshelwood 

Bumgardner, Carl Lee, B8.A.Sc. (Toronto), Ph.D. (M.I.1 American. c/o Rohm and Haas Co,, 
Redstone Arsenal Research Division, Huntsville, Alabama, U.S.A. Research Chemist Signed 
by: A. Fournier, J. S. Stephenson. 

Chiang, Hung-Chen, B.Sc. (Taiwan). Chinese. c/o Mrs. Teildesley, 87, Terry Street, St. Peters, 
Sydney, Australia. Postgraduate Student of Sydney University Signed by: T. R. Watson, A. V 
Robertson, 

Darby, Paul William, }.Sc., and Ph.D. (Bris.). British. Queen's Elms, University Road, Belfast, 
Northern Ireland. Research Fellow at Queen's University, Belfast. Signed by: D. Brennan, 
E. J. Blackman 

Dummel, Robert Joseph, 13.5. (San Francisco), M.S. (Stanford). American 
Palo Alto, California, U.S.A. Graduate Student Signed by: M. Look, L. J. Durham 

Eisner, Adrienne Gertrud Adele, ).Phil. (Berlin). Austrian. 27, Blenheim Gardens, London, N.W.2 
Signed by: R.S. Cahn, K. Lonsdale 

Eric, Bozidar V., B.Sc. (Lond.). Serbian. Plot No. 4, Winfield Estate, Borrowash Koad, Spondon, 
Derby. Research Chemist. Signed by; W.C. Paterson, A. G. Catchpole 

Evans, Frederick Peter, 8.Sc. and Ph.D. (Wales). British. 81, Stratfield Road, Basingstoke, Hants 
Scientific Officer at Atomic Weapons Research Establishment, Aldermaston, Signed by: M. W 
Roberts, L. V. C. Rees 

Fauikner, Robert Davis, 3.S. (Florida), M.S. (Purdue). American. c/o Chemistry Department, Florida 
State University, Tallahassee, Florida, U.S.A. Graduate Student. Signed by: J. FE. Lefiler, 


E, Grunwald 


Student, 


2171, Princeton Avenue, 


Fitch, George Roy, B.S« (Lond.), A.R.LC. British 5A, Waterloo Terrace, Newhampton Road East, 


Wolverhampton, Assistant Lecturer at Wolverhampton Technical College. Signed by: H. Marsh, 


C, Jackson, 

Forsythe, James Horace William, B.Sc. (Q.U.B.). British. 62, Somerton Road, Belfast, N. Ireland 
Research Chemist. Signed by; C. L. Wilson, RK. J. Magee 

Good, William, D.Sc. (Zurich), A.R.LC., A.R.T.G. British. The Royal 
C.1. Lecturer. Signed by: F. 5S. Spring, J. McLean 

Griffiths, Samuel Thomas, B.Sc. (Wales., A.R.IL.C. British The Associated Ethyl Co., 
Laboratory, Watling Street, Bletchley, Bucks. Research Chemist. Signed by: R. O. Gibson, 
D. B. Clapp 

Harper, Brian John Thomas, 1).Sc. (Bris.). British. 30, Hampton 
Research Student. Signed by: D. Davidson, A. K. Battersby 

Harvey, Frank Reid, 8.Sc. (Lond.), A.R.LC, British. Harleyford Manor, Marlow, Bucks 
Signed by: C. B. F. Rice, K. 5, W. Sing. 

Hatfield, Michael Roland, B.A. (Oxon.). British. ‘ Bodiam,’ Twyford Abbey Road, London, N.W.10 
Brewer. Signed by: J.C. N. Carroll, J. I. Webb 

Hayward, David Oldham, 3.A (Cantab.). British. 30, ellefield Avenue, West Derby, Liverpool, 12 
Kesearch Student. Signed by: A. K. Holliday, B. M. W. Trapnell 

Hickman, John, B.Sc. (Lond.). British. Department of Chemfstry, Washington Singer Laboratories, 
Perry Road, Exeter, Devon. Research Student Signed by: S. J. Gregg, K. Schofield 

Hoppe, Jack Ian, 8. Sc. and Ph.D. (Reading). British. 7, Erleigh Road, Keading, Berks. Research 
Student. Signed by; J. E. Prue, E. S. Halberstadt 

Jackson, Ronald Whiteley, M.Sc. (Manc.), Ph.D. (lris.), AKL British. 90, Hayes Chase, West 
Wickham, Kent Research Chemist. Signed by: W. E. Garner, F. 5. Stone 

Johns, Stanley Roy, B.Sc. (New England.). British. University of New England, Armidale, N.S.W. 
Australia. Student. Signed by: V. R. Stimson, N. V. Riggs 

Johnson, George. [ritish 11, Lakeside Caravan Site, Thorney Mill Road, West Drayton, Middlesex 
Chief Chemist at Simoniz (Eng.), Ltd., Iver, Bucks. Signedby: V.C. Martin, K. Kowe 

Lawley, Philip Douglas, B.A. (Oxon.), Ph.D. (Nott British. 70, Pineapple Road, Amersham, Bucks 
Research Chemist. Signed by: S. F. D. Orr, E. M. F. Roe 

Layzeli, Thomas Richard, British. 8, Bell View, Windsor, Berks Student Signed by: M, J. S 
Dewar, W. J. Hickinbottom 


lechnical College, Glasgow, 


Ltd., Engine 


Park, Ked Land, Bristol, 6 


Lectures 
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Leaback, David Herbert, MSc. and Vh.l). (Lond.). British. 36, Aberdare House, Sumner Koad, 
Veckham, London, S.E.16. Assistant in Biochemistry, Institute of Orthopedia. Signed by 
LD). S. P. Patterson, T. F. Slater 

Leberman, Reuben, 3.Sc. (Lond.)}. British. 9/36, Hopetown Street, London, E.1. Postgraduate 
Student. Signed by: A. P. Mathias, S. P. Datta. 

Leigh, William Richard Bruce, l3.Sc. (Sydney), A.R.A.C.1. British. c/o C. 5S. K. Chemicals Pty. Ltd., 
1, Mary Street, Rhodes, New South Wales, Australia. Factory Manager. Signed by: R. J. W. Le 
Vévre, T. Iredale 

Little, Leslie Harry, M.Sc. (Western Australia), A.R.A.C.I. Australian. 16, Pork Street, Cambridg: 
Kesearch Student. Signed by: KR. Parsons, D. A. Dowden. 

Lovett, John Francis. ritish. 26, Spensley Road, Westoning, Bedford. Plant Protection Chemist 
Signed by: WK. de BK. Ashworth, J. D. Jones 

Lowe, Peter Albert, 8.Sc. (Lond.), A.R.LC. British. 194, Kings Road, Ashton-under-Lyne, Lancs 
Research Student, Signed by; M. KR. Harris, A. Holt 

McGregor, William Robert, 1.5. (Southampton). British, 25, Ruby Road, Bitterne, Southampton, 
Hants. Research Studtnt, Signed by: N. B. Chapman, G. W. A. Fowles 

McHugh, Dennis Joseph, 1.5c. (Sydney). Australian. 1625, Pittwater Koad, Mona Vale, Sydney, 
Australia. University Teaching Fellow. Signed by: G. W. K. Cavill, S. J. Angyal. 

Maggs, Frederick Arthur Pomroy, .Sc. and Ph.D. (Lond.), F.R.LC. British. 53, Westweod Road, 
Salisbury, Wiltshire. Physical Chemist. Signed by: S. J. Gregg, R. M. Barrer. 

Miller, Montague. [Jiritish. Vairholt Lodge, la, Fairholt Road, London, N.16. Pharmacist. Signed 
by: L.G. bl, Dolley, kK. W, Tapley. 

Nelson, Samuel Martin, MSc. and Ph.D. (Q.U.B4. British. Magdalen College, Oxford, Research 

tudent Signed by: L. FE. Sutton, A. D. Buckingham 

Newland, Julian Harold, 15. A. (New York). American. 216, Depot Koad, Huntington Station, New 
York, U.S.A. Graduate Assistant, New York University, Signed by: K.T. Morrison, R, N. Boyd, 
4. Arnowich 

Nosworthy, Judith Madeleine, }}.A. (Cantab.). British. Physics Department, Medical School, Guys 
Hospital, London, S.E.1. Research Assistant. Signed by; G. A. D. Haslewood, R. J. Bridgwater 

Olah, George Andrew. Hungarian. Budapest XIV, Hungaria krt. 114, Hungary. Kesearch Director 
yiygned by: L. Mester, F. Kovacs 

Owen, Michael Allan, Uritish. 1, Sharp Way, Dartford, Kent. Analytical Chemist. Signed by 
W.A now \. H. Thorneloe 

Pickup, Kenneth George, i.5c. (Liv.). British. 52, Bridge Road, Liverpool, 18. Research Student 
Signed by: A. K. Holliday, B. M. W. Trapnell. 

Pritchard, John, 1}.Sc. and Ph.D. (Lond.), A.R.C.S., D.LC. British. 7, Ranmore Avenue, Croydon 
Surrey Kesearch Chemist. Signed by: F.S. Stone, RK. M. Barrer 

Rosenbaum, Jack, ritish. 2a, Burchell Road, Leyton, E.10, London, Student. Signed by: N. B 
Chapman, |. G. M. Campbell 

Sandstrom, Jen Olof, bil.Dr. (Lund.). Swedish, Department of Chemistry, Helgonavagen, Lund, 
Sweden, Lectures vigned by: S. Sunner, FE. Larsson 

Sharma, Brahama Datta, M.Sc. (Delhi). Indian, c/o Chemistry Department, University of Southern 
California, Los Angeles 7, California, U.S.A. Student, Signed by: J. A. Berson, W, K. Wilmarth 

Smith, Michael, |} 5c. (Vunelm). British. 14, Links Road, Cullercoats, North Shields, Northumber- 
land, Kesearch Student. Signed by: H, Marsh, C. Jackson 

Stark, Bernard Peter, 1}. A. (Cantab.). British. 36, Lyndewode Road, Cambridge. Research Student 
Signed by 4. (,. Holmes-Siedle, B. C, Saunders 

Stoward, Peter John. Jiritish. Oriel College, Oxford. Undergraduate. Signed by: L. A. K. Staveley, 
lb. Kh. Brown 

Trapp, Orlin Dalton, jun., B.A. (Westmar College). American. Chemistry Department, lowa State 
College, Ames, lowa, U.S.A, Graduate Student, Sigued by: J, Tanaka, , T, Fang. 

Turvey, James Robert, Sc. and Ph.D. (Wales), A.R.LC,. British, “ Bronalit,”’ Penrhosgarnedd 
Bangor, Caerns. University Lecturer. Signed by; J. E. McKail, W. R. Angus 

Urch, David Selway, 13.Sc. (Lond.), British, 36, Windermere Koad, Muswell Hill, London, N.10 
Student. Signed by; M. J. S, Dewar, T. Mole 

von Bertele, Emy Marcelline Elizabeth, 6.Sc. (Lond.). Austrian. 6, Warner Road, Purley, Surrey 
Technical Assistant. Signed by; M. M, Coombs, F. Bowyer. 

Wasserman, Edel, \'.A. (Harvard), American, Converse Laboratory, Harvard University, Cambridge 
38, Mass, U.S.A, Student. Signed by: R. L. Autrey, H, Richey 

Williamson, Elizabeth Jessie, 1}.Sc. (New England). British, 13, Tilehurst Road, Reading, Berks 
Research Chemist, Signed by: J, A. Radley, M. L. McGlashan 

Yadava, Brijnandan Prasad, M.Sc. and Ph.D. (Lucknow). Indian. Department of Physical Chemistry, 
Free School Lane, Cambridge, Research Student. Signed by; E. A. Moelwyn-Hughes, J. N. Agar 


APPERTAINING TO FELLOWS RESIDENT ABROAD. 


Ashraf, Muhammed, MSc. (Punjab Pakistani Government College Kobat, West Pakistan 
Lecturer Signed | M. I. D. Chughtai 
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Blumenfeld, Solly, Dip!.Pharm. (SouthAfrica). South African. c/o Barclays Bank (West End Foreign 
Branch), 1, Pall Mall East, London, S.W.1. Pharmacist. Signed by: J. L. Ratner 

Dailey, Benjamin Peter, M.A. and Ph.D. (Univ. of Texas), American. O.N.R. 429, Oxford Street, 
London, W.1. Scientific Liasion Officer. Signed by: E. R. S. Winter 

Gordon, Harry Michael, Dip!.Pharm. (South Africa), M.P.S. South African. c/o Barclays Bank (D.C,O ), 
1, Cockspur Street, London, S.W.1. Pharmaceutical Chemist. Signed by: J. L. Ratner. 

Gorin, George, A.13. (Brooklyn Coll.), M.A. and Ph.D. (Princeton Univ.). American. Department of 
Chemistry, Oklahoma A and M College, Stillwater, Oklahoma, U.S.A. Assistant Professor. Signed 
by: O, C, Dermer. 

Hino, Tohru, B.Pharm. (Univ. of Tokyo). c/o Department of Chemistry, University of Washington, 
Seattle 5, Washington, U.S.A. Research Assistant. Signed by: H. J. Dauben, jun. 

Hojo, Nobumasa. Japanese. C/o Textile Dept., Shinshu University, Ueda, Japan. Assistant 
Professor. Signed by: O. Simamura, 

Markowitz, Samuel §., B.S. (Rensslaer Poly. Inst.), M.A. and Ph.D. (Princeton Univ.). American 
Department of Chemistry, Brookhaven National Library, Upton, Long Island; New York, U.S.A 
Postgraduate. Signed by: N. Sutin. 

Tewari, Swarup Narain, M.Sc. and D.Phil. (Allahabad), A.R.1.¢ Indian. ‘ Hill House.’ 84, Civil 
Lines, Agra, India. Assistant to Chemical Examiner and Government Analyst. Signed by 
M. C, Thoung 

Willson, Clyde DeClifford, A.B. (Univ. of Calif.). American. 2223a, Roosevelt Avenue, Berkeley 3, 
California, U.S.A. Student. Signed by; E. J. Behrman : 

Yan, John Si Chiu, B.Sc. (McKinley-Roosevelt Univ.). Chinese. 83, Tai Nam Street, 3rd Floor, 
Monkok, Kowloon, Hong Kong. Senior Science Master. Signed by: J. M. M. Che, 

Zerner, Ernst, Ph.D. (Univ. of Vienna). American. c/o Argus Chemical Corporation, 633, Court 
Street, Brooklyn 31, New York, U.S.A. Consulting Chemist. Signed by: C. G. Overberger. 


* Reduced subscription. 


PAPERS ACCEPTED 
(List of Papers accepted between June 22nd and August 3rd, 1956, 
for publication in the Journal.) 


‘ Application of the Bruckner method to the synthesis of phenanthridine derivatives.” 
By T. R. GovinpACHARI, K. NAGARAJAN, B. R. Pat, and N. ARUMUGAM. 

“The preparation and manipulation of molybdenum hexafluoride.”” By T. A. 
O'DONNELL 

“ The surface chemistry of germanium. Part I. Chemical effects at pn-junctions.” 
By J. I. Carasso and I. STELZER. 

Jarringtogenol and barringtogenic acid, two new triterpenoid sapogenins. Part 1. 

By K. ANANTARAMAN and K. S. MADHAVEN PILLAI 

‘Studies in aromatic nucleophilic replacement. Part VI. Some effects of alky! 
groups.”’ By C, W. L. Bevan, T. O. Fayica, and J. Hest. 

“ The effects of substituents on the rates of hydrolysis of some organophosphoru 
compounds, Part 1. Kates in alkaline solution.”’” by D. Ff. Hearn 

The effects of substituents on the rates of hydrolysis of some organophosphorus 
compounds, Part Il. Rates in neutral solution.” by D. F. Heatu 

“ Effect of added hydroxy-compounds on the association of benzoic acid.” By 
WINIFRED G. Wricut. 

‘The dissociation pressure of cadmium oxide By I. G. F. Gipert and J. A, 
KITCHENER 

Ihe free energy of formation of zine aluminate.”’ . F. Girpert and J, A 

KITCHENER 

“ The free energy of formation of zine ferrite 5) G. FF. Gitpert and J, A 
KITCHENER. 

“ The strengths of arylmethanols as secondary bases By V. GoLp 

‘ Steric effects in electronic spectra.’ By J. N. Mure. 

' Magnetic properties of some metal carboxylates By KR. C. Herron and R. C, Pink 

‘Curare and related topics. Part II]. The structure and anomalous optical rotation 
of tsochondrodendrine.”’ By Joun A. D. Jerrreys 
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A theoretical investigation of the chemical reactivity of benziminazole.”’ By R. D. 
eown and M. L. HEFFERNAN, 

* experiments on the synthesis of 3: 4- and 5 : 6-benzophenanthridines."" By B. MILLs 
and K. SCHOFIELD 

“ Experiments with 1: 2:3; 4-tetrahydro-3-methylquinazoline and related com 
pounds.” By A. R, Osporn and K. SCHOFIELD. 

“The gum component of olibanum.”” By H. EL-Kuapem and M. M. Mecanep 

 Antituberculosis agents. Part I], Dehydrobromination products and related bases 
derived from bis-2 ; 3-dibromopropyl sulphide.’”” By D. Epwarvps and J. B, STENLAKE. 

‘Phthalazines. Part I. Re-investigation of the preparation of phthalazines by cyclo- 
dehydration of acylhydrazones.’’ By H. J. Roppa and P. E. RoGcascu 

‘Molecular polarisation in ternary systems comprising benzene, pyridine, and an 
alcohol.” By D. CLeverpon, G. B. CoLitns, and J. W. Smita. 

‘ Solutions in sulphuric acid. Part XX. Cryoscopic measurements on some aromatic 
sulphides, sulphoxides, and sulphones.’’ By R. J. GitLespre and R. C. PASSERINI. 

‘ Polyazanaphthalenes. Part IV. Further derivatives of 1:3: 5- and 1; 3: 8-tn 
azanaphthalene.”” By V, Oakes and H. N. Rypon, 

Intramolecular acylation. Part I. Ring closure of some (-(7-alkyl-l-naphthyl) 
propionic acids.” By A. J. M. Wennam and J. 5S. Watrenurst. 

The Beckmann rearrangement of cyclopentanone oxime.”’ by (Mrs.) T. STEPHEN and 
HENRY STEPHEN, 

The preparation of aliphatic aldehydes and ketones from lithium alkyls and dimethyl 
amides.’” By E. A. Evans 

‘Some degradation products of fumagillin."” By Justus K. Lanpguist. 

Vibrational frequency correlations in heterocyclic molecules. Part If. Infrared 
spectra and structure of oxindole and related compounds.’ By A. E. Kem, D. G. 
O'SULLIVAN, and P. W. SADLER, 

 Four-, five-, and six-covalent palladium(t!) complexes with a ditertiary arsine.” By 
(. M. Harris and R. S. NyHorm, 

 Rescarches on polyenes. Part IV. The w-p-methoxyphenylpolyene aldehydes and 
their absorption spectra.”” By D. MARSHALL and M. C, WHITING. 

The viscosity and intermolecular potential of silicon tetrafluoride.”” By C. P. ELtis 
and C, J. G. Raw. 

‘ Studies in the synthesis of cortisone. Part XIII. The epimeric 36 : 7-dihydroxy 
ergost-22-en-Il-ones.”” By J. Evks and G. H. PHILvipps. 

Studies in the synthesis of cortisone. Part XIV. Acetylhydrazones and azines of 
steroidal ketones.’’ By J. E_ks and G. H. Paiivipes. 

' Studies in the synthesis of cortisone. Part XV. Improvements in the conversion 
of hecogenin into 38 : 126-diacetoxy-5a : 25D-spirostan-1l-one and a study of the isomeric 
11: 12-ketols.”’ By J. Erxs, G. H. Pur_iipps, T. WALKER, and L. J. WYMAN. 

“Studies in the synthesis of cortisone. Part XVI. A new method of preparing 
Ll-oxotigogenin."” By J. H. Cuapman, J. Evxs, G. H. Puiiiipes, and L. J. Wyman. 

“Studies in the synthesis of cortisone. Part XVII. The bromination of cholestan 
3-one.”’ By C. W. P. Crowne, R. M. Evans, G. F. H. Green, and A. G. Lona. 

‘Studies in the synthesis of cortisone. Part XVIII. The preparation of cortisone 
esters from 4; 5a-dihydroxycortisone.” By R. M. Evans, J. C. Hamiet, J. 5. Hunt, 
P. G. Jones, A. G. Lone, J. F. Oucuron, L. SrerpHenson, T. WALKER, and B. M. WILSON 

‘' The thermal degradation of polymethacrylonitrile. Part 1. Separation of coloration 
and depolymerization reactions.”” By N, Grassie and I, C, MCNEILL. 

‘' The preparation of some dimeric sec.-aminoboron dihalides.’’ By O. C. MUSGRAVE. 

Studies in eyclohexane stereochemistry. Part IV. Some secondary tertiary | : 2 
diol By P. R. Jerrerres and B. MILLicaAN. 

Studies in cyclohexane stereochemistry. Part V. Infrared spectra and conformations 
of stereoisomeric | : 2-diols."" By A. R. H. Core and P. R. JeFrertes. 

‘ Acylation and allied reactions catalysed by strong acids. Part XV. Some reactions 
of simple alkyl perchlorates."” By H. Burton, D. A. Munpay, and P. F. G. PRatLr 
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“ Organic sulphur compounds. Part I. The structure of anthra-?; 10-quinone-! 
sulphenic acid, its derivatives, and analogues."’ By |. A. Baritror and K. J. MORGAN 

‘ The constitution of a xylan from Norway spruce (Picea excelsa)."’ By G. O. ASPINAL! 
and (Miss) Mary E. Carrer. 

“ The ultraviolet-light absorption of 3-O-methylglycerosazone."’ By J.C. P. SCHWARZ 
and (in part) MAUREEN FINNEGAN. 

“ Picrotoxin and tutin. Part VIII.’’ By R. B. Jouns, S. N. Starter, and R, J. Woops 
(with, in part, D. Brascu and Roy Gee). 

‘A kinetic study of the alkaline hydrolysis of some aliphatic esters.’’ By J. D. R 
rHomAS and H. B. Watson. 

‘‘ Experiments on the synthesis of the pyrethrins. Part XI. Synthesis of eis-pyrethrol 
one and pyrethrin-I : introduction of the cis-penta-2 : 4-dienyl system by selective hydro 
genation.”’ By L. Crompre, S. H. Harper, and F. C. NewMan, 

“Synthetic and oxidative studies in the polyhydroxydiphenyl series. Part II 
5: 6-Dichloro-2 ; 3-dihydroxydiphenyl."’ By J. MALcoLm Bruce and F. K. SutcLirre, 

“Synthetic and oxidative studies in the polyhydroxydipheny! series, Part II] 
2: 3-Dihydroxy-5 : 6-dimethyldiphenyl."” By J. MALcoLM Bruce and F. K, SUTCLIFFE 

The chemistry of extractives from hardwoods. Part XXVII. The structure ol 
terminolic acid."" By F. E. Kine and T. J. Kine 

‘ Acomitum and Delphinium alkaloids. Part III. Some rearrangements in the 
delpheline and lycoctonine series. A monobasic dicarboxylic acid."’ By R. C., CooKsoN 
and M. E. Trevertr. 

‘ The kinetics of hydrogen isotope exchange reactions. Part VI. The reactivity of 
anisole in aqueous and non-aqueous acidic media."” By D, P. N. SATCHELL. 

‘ Triad prototropic systems. Part IV. The effect of substituents on the mobility ot 
the azomethinecarboxylic acids derived from ketones By F. G. Bappar and SAYED 
A. M. SHERIF. 

‘An approach to the synthesis of veratramine. Some derivatives of 2 ; 3-dihydroxy- 
naphthalene.” By F. H. Hower and D. A. H. Tayior 

Che decomposition of arylazotriarylmethanes.’’ By G. L. Davies, D. H. Hey, and 
GARETH H. WILLIAMS, 

“ Raman spectrum of the tetrachlorogallate ion (GaCl,~) in aqueous solution.” By 
L.. A. Woopwarp and A, A. Norp. 

‘ Raman spectrum and constitution of fused gallium dichloride.’ By L. A. Woopwarp, 
G, GARTON, and H. L, Ropers. 

‘The constitution of a wheat-straw hemicellulose G. O. AspiInaLt and Eric 
Gy. MEEK. 

‘Organic complex-forming agents for metals. Part Ill. Compounds containing the 
o-hydroxyphenylphosphine oxide group."" By J. Kennepy, E. 5. Lang,and J. L. WILLANs, 

‘ The erystal and molecular structure of thianthren.”’ By H. Lynton and {in part) 
E. G. Cox 

‘ The simple fluorides of iridium, including the new trifluoride By P. L. Ropinson 
and G. J. WESTLAND. 

‘ Reduction of amides by lithium borohydride By M. Davis 

‘The chemistry of extractives from hardwoods. Part XXVIII. The occurrence of 
3.°5:3': 4'-tetrahydroxy- and 3:4:5: 3’: 5'-pentahydroxy-stilbene in Vouacapoua 
species.”’ By F. E. Kine, T. J. Kine, D. H. Gopson, and L, C. MANNING 

Vapour-liquid equilibrium data for the benzene fluorobenzene system.” By R. k 
Banks and W. K. R. MUSGRAVE. 

Nuclear resonance spectra and the structures of the mono- and the di-hydrate of 
boron trifluoride.” By P. T. Forp and R. E, Ricnarns 

“ The thermal decomposition of cyclopentyl bromide J. W. Price, R. Suaw, 
and A. F. TROTMAN-DICKENSON, 

Flavogallol.”” By J. GrimsHaw and R. D. HawoxtH 
The constitution of conessine. Part IX. Further studies with steroidal amines 
related to conessine."’ By R. D. Hawortu, L. H. ©. Lunrs, and J. MCKENNA 
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Aromatic substitution. Part I]. Nitration of aromatic compounds with nitronium 
tetrafluoroborate and other stable nitronium salts.’ By G. OLAH,S. Kunn, and A. MLInko. 
‘A new synthesis of 3-hydroxy-1 : 2-benzofluorene.”” By Nei, CAMPBELL and 
I NGELBERT CIGANEK. 
Structure and stereochemistry of tazettine.”’ By T. Ikepa, W. 1. Taylor, Y. TsuDA, 
S. Uvgeo, and H. Yaya, 
‘ Wessely- Moser rearrangement of chromonols and flavonols."’ By (Miss) D. M. 
DonneLiy, (Mrs.) E. M. Pacer, and T. S. WaHkeLer 
Oxidation by nitrous and nitric acid. Part IV. Spectroscopic investigation of the 
equilibrium between NO* and nitrous acid in aqueous perchloric acid.”” By K. SINGER 
and (Miss) P. A. VAMPLEW. 
A new synthesis of 2:3: 5: 6-substituted 4-pyrimidones."” By BENJAMIN STASKUN 
and HENKY STEPHEN, 
The chemistry of gum labdanum. Part I. Some acidic constituents."’ By J. 
Cocker, T. G. HALSALL, and (in part) A. Bowers 
The chemistry of gum labdanum. Part II. The structure of labdanolic acid.”’ 
J. D. Cocker and T. G. HALSALL. 
“The formation of nitrosochlorides and nitrosates.’’ By N. THORNE. 
Dielectric polarisation studies of the formation of hydrogen-bond complexes by 
alcohols.” By (the late) A. H. Boup and J. W. Smiru. 
‘Steroids. Part XI. The 3: 5-eyelosteroid rearrangement of dehydroergostery] 
toluene-/-sulphonate.”’ By W. RK. Nes and C. W. SHoppet 
The halogenation of phenolic ethers and anilides, Part XVIII. A kinetic method 
for the determination of the ortho : para ratios in aromatic ethers.”” By BrRYNMOR JONES 
and E1LeEN N. RICHARDSON 
Thermal cyclization of o-aroyloxyacetoarones. Part II]. Synthesis in the chromone 
By T. M. O’Tooir and T. S. WHEELER 
Fission of esters of carboxylic acids by boron trichloride.” By W. Gerrarp and 
M. A. WHEELANS 
‘Derivatives of thionaphthen Part II. Thionaphthen derivatives formed by 
cyclisation of acetonyl aryl sulphides and aryl phenacy! sulphides."” By J. FE. BANFIELD, 
W. Davies, N. W. GAMBLE, and S, MIDDLETON. 
[he preparation and characterising constants of the phenylboron chlorides.”’ By 
k. W. Aner, S. H. DANDEGAONKER, W. GERRARD, and M. F. LAPPERT. 
|-4-Aminobutyric acid; the correlation of configuration with that of «amino 
acids.”” By K. BALenovic, N. BREGANT, and D, CERAR 
I hiadiazole Part IV [he oxidation of N-(aroylamidino)thioureas.”’ 
PRE DERICK KURZER. 
lwo hypothetical metabolites of paludrine.’’ By R. M. AcHrson and N. F. TAyLor 
letronic acids and related compounds. Part II]. The synthesis of (-+-)-carolinic 
by L. J. Haynes, J. R. PLimmer, and (in part) A. H. STANNERS 
‘Lactones. Part IV. A new preparation of 7-ethoxy-6-methoxyphthalide.” By 
K. LoGAN and G. T. NEwBoLp 
ome experiments with eyclopentanones.”’ By R. M. ACHESON 
20&-Hydroxycholesterol.’’ By Viapimir Pretrrow and (Mrs.) Isoper A. STUART 
Wrsp 
Kisqguaternary ammonium salts. Part Il. Salts of 4: 4'-diaminostilbene-2 : 2’-di 
ulphoniec acid.””. By W. G. Lerps and R. SLACK. 
Syntheses in the quinazolone series. Part IV. The conversion of N-aroylorthanil 
amides into 2-arylquinazol-4-ones."" By HENRY STEPHEN and (the late) GEORGE WADGI 
The partial hydrolysis of dialkyl esters of 4-hydroxyisophthaliec acid.” By J. M. Z 
GLADYcH and E. P. TAYLorR 
rhe synthesis of 1; 2: 7: 8-tetrahydro-3-methoxy- and | : 2: 7: 8-tetrahydro-3 : 10 
dimethoxy-chrysene.”” By J. F. Cottins and HERCHEL SMITH 
Attempts at the Meyer-Schuster rearrangement on 2-ethyny!-2-hydroxycyelohexa 
none By (Miss) M. E. McEnter, A. R. Pinper, Hercuer SMitu, and R. E. THORNTON 


97 


‘‘ onophoresis of carbohydrates. Part IV. Separations of carbohydrates on fibreglass 
sheets."’ By E. J. Bourne, A. B. Foster, and P. M. Grant. 

‘ Studies of sultones.’’ By (Mrs.) E. M. Puiiein, E. R. Sruart, R. F. Timoney, and 
T. S. WHEELER. 

“Curvularin. Part I. Isolation and partial characterisation of a metabolic product 
from a new species of Curvularia.”” By O. C. MUSGRAVE. 

‘‘ Wesseley—Moser rearrangement with xanthones.”” By (Mrs.) E. M. Puitein, J. 
Swirski, and T. S. WHEELER. 

‘* Bisdiguanides having antibacterial activity.’ By F. L. Rose and G. Swat, 

“ Further experiments on the epoxidation of steroids.” By O. K. Sewer, J. H 
TURNBULL, and W. WILSON. 

“The preparation and characterisation of o-bromophenylmagnesium bromide."" By 
Harry HEANEY, FREDERICK G, MANN, and [An T. MILLAR. 

‘‘ The sulphates and selenate of polonium.” By K. W. BaGNaALt and J. H. Freeman 

“ The reaction of ammonium acetate with 6-hydroxy-a«-dimethylpropaldehyde.”” By 
J. F. CAVALLA. 

‘Compounds derived from cholestenone."’ By G. D. Meakins and O. R. Ropic 

‘Structural chemistry of the alkoxides. Part VIII. Isomeric butoxides and pentyl 
oxides of niobium.”’ By D.C. Brapiey, B. N. Cuakravartt, and W. WARDLAW. 

“ Tetronic acids and related compounds. Part III. The Claisen ester condensation 
of ethyl 2’-tetrahydropyranyloxyacetate.”’ By L. J. Haynes and J. R. PLimmer. 

“Acyl isothiocyanates. Part I. The synthesis of esters of N-acyldithiocarbamic 
acids.”’ By D. T. E_more, J. R. OGie, and (in part) (Mrs.) W. FLercnuer and P. A 
TOSELAND. 

“ The lability of 1:4: 6-triazanaphthalenc.”” By Aprinn ALBERT and CHRISTIAN 
PEDERSEN, 

“ Friedel-Crafts acylation and alkylation. A comparison of inter- and intra-molecular 
processes.” By G. BAppDELEY and R. WILLIAMSON 

‘“ Amino-sugars and related compounds. Part |. Observations on the deamination 
of p-glucosamine hydrochloride.”” By B. C. Bera, A. Lb. Foster, and M. STacky 

“ Pteridine studies. Part X. Pteridines with more than one hydroxy- or amino 
group.” By Aprien ALBerT, J. H. Lister, and CurIstTiAN PEDERSEN. 

“The position of the tertiary hydroxyl group in agapanthagenin.”” By G. E. A 
MATHEW and (Mrs.) T. STEPHEN. 

“ The synthesis of «- and $-phenyladipic acids.” By K. ButLer and G. P, ELtis 

‘Synthesis of ‘ 6-succinoaminopurine’ (6-(1 : 2-dicarboxyethylamino)purine},”” By 
J. Bappitey, J. G. BucHANnan, F. J. HAwker, and J. E. StePHENSON. 

“ Cytidine diphosphate ribitol from Lactobacillus arabinosus.” By J. Bappirey, 
J. G. BUCHANAN, B. Carss, and A, P. MATHIAS 

‘2-Acyl derivatives of cyclic 1: 3-diones. Part IV Ihe structure of dehydro 
leptospermone.”” By W. R. Cuan and C. H. Hassatt 

“ Researches on acetylenic compounds. Part LIV. The preparation and synthetical 
applications of ethynylmagnesium bromide.” By E. R. H. Jones, L. SKATTEBOL, and 
M. C. WHITING 
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Vroceedings of the American Society for 
Testing Materials 955, Vol. 55. American 
hociety for Testing Materials, 1956 


aspects généraux de la science des 
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symposium held by the Centre National de la 
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National de la Kecherche Scientifique, 1955 
Ihe proceedings of the conference on oxid 
held in Amsterdam, 1954. 
(Chemical Ingineering Science, 1954, Vol. 3, 
Pergamon Press Ltd 
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Vhysiwlogische Chemie ein Lehr 
Handbuch fur Arzte, Biologen und Chemiker, 
edited by I. llaschentrager and E. Lehnartz 
Vol, 2. Der Stoffwechsel, Part 2a. Springer 
1056 
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by P. ¢ National de la 
Kechercl 1055 
Proceesiigs of the International 
ference on the Peaceful Uses of Atomic Inergy, 
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Proceedings of the 
Biochemistry, 
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Nation 
Ihird International 
Brussels, 1955, 
Press Inc 


Congres ot 
edited by ¢ 
1056 
Liquid metals handbook Sodium (Nak) 
edited by C. B. Jackson 3rd edn 
Atomic Energy Commission 1955 


Lid beeq 


suppl 


tus 


Notes on some members of the Hanckwitz 
(Annals of Sctence, 1955 
By RK. E. W. Maddison 
Ltd 1955. (Presented 


family in England 
Vol. 11, No. 1.) 
Taylor and Francis, 
by the Author ) 

Analytical standards for M & Bb 
laboratory chemicals and reagents, 
5th edn May & Baker Ltd 1956 
sented by the Publishers.) 

Methods of biochemical analysis, 
by David Glick Vol. 3 
Publishers I nc 1956 

Organic analysis; edited by J. Mitchell 
jun., I. M. Kolthoff, FE. S. Proskauer, and A 
Weissberger. Vol. 2. Interscience Publishers 
Inc 1954 

Modern 


brand 
1956 
(Pre 


edited 


Interscience 


chemical processes a series of 
describing manufacturing 
Editors of Industrial and 


Vol. 4 Keinhold 


articles chemical 
plants, by the 
Chemistry 
1956 
Advances in enzymology and related sub 
jects of biochemistry, edited by F. IF. Nord 
Vol. 17. Interscience Publishers, Inc 1956 
An introduction to 
Fk, C. Phillips. 2nd edn 
and Co. 1956. (Presented by the Publishers.) 


Irradiation 


Engineering 
Publ. Corp 


crystallography, by 
Longmans Green 


and luminescence; a 
contribution to mineral physics, by Kk 
Przibram rranslated and revised by J. 
Caffyn. Ist English Edn. Pergamon Press, 
Ltd 1956. (Presented by the Publishers 

Les colles industrielles, by A. _ Rivat- 
Lahousse 1956. (Presented by the 
Publishers. ) 

Some aspects of the crystallization of high 
Schuur Rubber-Stichting, 


colours 


Dunod 


polymers, by G 
Delft 1955 


LOCAL REPRESENTATIVES OF THE CHEMICAL SOCIETY 


Aberdeen. 


Australia 


Birmingham 
Bristol 
Cambridge 
Canada 
Ceylon 
Edinburgh. 
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Glasgow. 


Hull 
India. 


Trish Tee public . 
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Liverpool. 


Manchester. 
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New Zealand, 


Northern Ireland. 


North Wales. 


Nottingham and 
Leicester 


Oxford. 
Pakistan, 


St. Andrews and 
Dundee. 

Sheffield. 
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South Wales. 


R. H. Thomson, Ph.D., F.R.L.C., Chemistry Department, The University, Old 
Aberdeen, 

Kk. H. Pausacker, M.Se., D.Phil, Chemistry Department, University of 
Melbourne, Carlton, N. 3, Victoria, Australia 

Professor A. FE. Alexander, M.A., Ph.D., Chemistry Department, N.S.W. 
University of Technology, Sydney, N.S.W., Australia. 

J. C. Tatlow, B.Se., Ph.D., Department of Chemistry, The University, 
Edgbaston, Birmingham, 15 

P. Woodward, B.Se., Ph.D., 
Woodland Road, Bristol. 

Rt. N. Haszeldine, M.A., D.Sc., 
Street, Cambridge. 

Professor J. K. N. Jones, M.S 
Kingston, Ontario 

M. U. S. Sultanbawa, B.Sc., Ph.D., 
The University, Colombo, Ceylon 

G. O. Aspinall, B.Sc., Ph.D., Chemistry Department, King’s Buildings, West 
Mains Road, Edinburgh 

K. Schofield, B.Se., Ph.D., I The 
University, Exeter 

D. S, Payne, B.Sc., Ph.D., ARI 
Glasgow, W.2. 

G. W. Gray, B.Se., Ph.D., Chemistry Department, The University, Hull. 

Professor T. R. Seshadri, M.A., Ph.D., F.R.LC., Department of Chemistry, 
The University, Delhi, India. 

D. O Tuama, M.Sc., Ph.D., F.1.C.1., Medical Research Council of Ireland, 
The Laboratories, Trinity College, Dublin, 

E. Rothstein, Ph.D., D.Se., A.R.C.S., Organic Chemistry Department, The 
University, Leeds, 2. 

A. K. Holliday, B.Se., Ph.D., Department of Physical and Inorganic Chem- 
istry, The University, res ol 

D. W. Broad, Ph.D., A.R.1.C., Imperial Chemical Industries Limited, 
General Chemicals Division, Cunard Building, Liverpool, 3. 

A. C, Farthing, M.A., B.Sc., Imperial Chemica! Industries Limited, Hexagon 
House, Blackley, Manchester, 9 

G. D. Meakins, M.A., D.Phil., Ciiemistry Department, The University, 
Manchester, 13. 

G. Kohnstam, B.Sec., Ph.D., The University Science Laboratories, South 
Road, Durham, 

F. J. MeQuillin, M.A., D.Phil., Chemical 
Newcastle upon Tyne. 

Professor S. N. Slater, M.Sc., D.Phil, A.R.1L.C., Chemistry Department, 
Victoria University College, Wellington, New Zealand 

Rk. G. R. Bacon, Ph.D., A.R.CS., Chemistry Department, 
University, Belfast. 

J. E. MeKail, Ph.D., Department of Chemistry, University College of North 
Wales, Bangor. 

T. J. King, B.Se., M.A., D.Phil., Chemistry Department, The University, 
University Park, Nottingham 

E. R. A. Peeling, B.Sc., Ph.D., University College, Leicester, 

R. E. Richards, M.A., D.Phil., Lincoln College, Oxford. 

M. I. D. Chughtai, M.Se.Tech., Ph.D., A R.1L.C., Punjab University Institute 
of Chemistry, The Mall, Lahore, Pakistan 

C. Horrex, M.Sc., Ph.D., Chemistry The 
St. Andrews. 

H. J. V. Tyrrell, M.A., B.Sc., Chemistry Department, The University, 
Sheffield, 10. 

Professcr F. L. Warren, Ph.D., F.R.1.C., Department of Chemistry, Uni- 
versity of Natal, P.O. Box 375, Pietermaritzburg, South Africa, 

Miss Ishbel G. M. Campbell, B.Sc., Ph.D., Department of Chemistry, The 
University, Southampton. 

R. H. Davies, M.Sc., A.R.1.C,, Department of Chemistry, University College, 
Singleton Park, Swansea. 

A. R, Pinder, B.Sc., Ph.D., F.R.1.C., Department of Chemistry, University 
College, Cardiff. 


Chemistry Department, The University, 


University Chemical Laboratory, Pembroke 
Ph.D., A.R.LC., Queen's University, 
A.RLC., Department of Chemistry, 


K.1.C,, Department of Chemistry, 


Chemistry Department, The University, 


Department, King’s College, 


(Queen's 


Department, University, 


September, 1956 


PROCEEDINGS 
OF THE 
CHEMICAL SOCIETY 


SCIENTIFIC MEETINGS DURING NOVEMBER, 1956 
LONDON. 
Thursday, November \st, 1956, at 2.30 p.m. and 7.30 p.m. 
Symposium, Newer Interpretations of Reactions and Structure in Carbohydrate 
Chemistry, arranged by Dr. G. R. Barker. To be held in the large Chemistry 
Lecture Theatre, University College, Gower Street, London, W.C.1. (Full 
details will be circulated.) 


lhursday, November 15th, 1956, at 7.30 p.m. 
Meeting for the Reading of Original Papers specially arranged to commemorate the 
70th Birthday of Sir Ian Heilbron. To be held in the Rooms of the Society, 
surlington House, London, W.1 


ABERDEEN. 
l'riday, November Oth, 1956, at 7.30 p.m. 

Lecture, An Aspect of Conformational Analysis, by Professor D. H. R. Barton, D.Se., 
Ph.D., F.R.LC., FARLS. Joint Meeting with the Royal Institute of Chemistry 
and the Society of Chemical Industry, to be held in the Chemistry Department, 
The University. 

l'riday, November 23rd, 1956, at 7 p.m. 
Official Meeting and Tilden Lecture, Physical Properties of High Polymers in Relation 


to their Chemical Structures, by Vrofessor G. Gee, M.Se., Ph.D., F.R.S. To be 
held in the Chemistry Department, The University. 


BIRMINGHAM. 
lriday, November 16th, 1956, at 4.30 p.m 
Lecture, Topology and Chemistry, by lr. A. l’. Wells, M.A. Joimt Meeting with 
Birmingham University Chemical Society to be held in the Chemistry Depart- 
ment, The University. 


I'riday, November 30th, 1956, at 4.30 p.m 
Lecture, Hydrocarbon Compounds of the Transition Metals, by Professor G. Wilkinson, 
Ph.D., A.R.C.S. Joint Meeting with Birmingham University Chemical Society 
to be held in the Chemistry Department, The University. 


BRISTOL. 
Thursday, November 1st, 1956, at 7 p.m 
Tilden Lecture, Physieal Properties of High Polymers in Relation to their Chemical 
Structure, by Professor G. Gee, M.Se., Ph.D., F.R.S. Joint Meeting with the 
Royal Institute of Chemistry and the Society of Chemical Industry, to be held 
in the Chemistry Department, The University. 


Lhursday, November 15th, 1956, at 5.30 pom. 


Social Evening. Joint Meeting with the Royal Institute of Chemistry and the 
society of Chemical Industry to be held in the Senior Common Room, The 
University 


lviday, November \6th, 1956, at 5 p.m. 


Lecture, Overcrowded Molecules, by Professor ©. A. Coulson, M.A., D.Se., Ph.D., 
F..S. Joint Meeting with the Student Chemical Society to be held in the 
Chemistry Department, The University. 


lhursday, November 22nd, 1956, at 5.15 p.m. 


Lecture, Aeetylene-Allene Chemistry, by lrofessor kk. R. H. Jones, D.Se., Ph.D., 
Ph AREC., F.LRS. Joint Meeting with the Student Chemical Society to be held 
in the Chemistry Department, The University 


I hursday, November 22nd, \956, at 7 p.m. 


Lecture, Plasties from Petroleum, by Mr. Kk. W. King. Joint Meeting with the 
Royal Institute of Chemistry, the Society of Chemical Industry, and the Plastics 
Institute, to be held at the Technical College, Brunswick Road, Gloucester. 


lhursday, November 29th, 1956, at 5.15 p.m. 


Lecture, Selence in the Detection of Crime, by Dr. J. bi. birth, C.B.E., FRA 
Joint Meeting with the Student Chemical Society to be held in the Chemistry 
Departinent, The University, 


CAMBRIDGE, 
lriday, November Mth, 1956, at 8.30 p.m, 


Lecture, Atomic Radiation and Pclymers, by Dr. A. Cliarlesky. Joint Meeting with 
the University Chemical Society to be held in the University Chemical Labora 
tory, Lensfield Road. 


hriday, November 16th, 1956, at 8.30 p.m. 


Lecture, Solutions in Sulphurfe Acid, by Dr.-K. J. Gillespie, b.Se. Joint Meeting 
with the University Chemical Seciety to be held in the University Chemical 
Laboratory, Lensfield Road, 


Vonday, November 26th, 1956, at 8.30 pom. 


Lecture, Aromatic Detrimethylsilylation. Some New Electrophilic Aromatic Sub- 
stitutions, by Dr. ©. Eaborn, B.Se., A.R LA To be given in the University 
Chemical Laboratory, Lensfield Road. 


hriday, November 26th, 1956, at 8.30 pom. 


Lecture, Sorption of Vapours in Crystals, by l’rofessor K. M. Barrer, D.Se., Ph.D., 
ERLLC., F.RLS. Joint Meeting with the University Chemical Society to be 
held in the University Chemical Laboratory, Lenstield Road, 


LDINBURGH 
Lhursday, November 22nd, 1956, at 7.30 p.m. 


Lecture, Polymerisation in Heterogeneous Systems, by l’rofessor C. EK. H. Bawn, 
C.B.E., Ph.D., F.R.S. Joint Meeting with the Royal Institute of Chemistry 
and the Society of Chemical Industry, to be held in the North British Station 
Hotel 


EXETER. 
Friday, November 30th, 1956, at 5 p.m. 


Lecture, Non-benzenoid Aromatic Systems, by Professor Wilson Baker, D.Sc., Ph.D., 
F.R.LC., F.R.S. To be given in the Washington Singer Laboratories, Prince 
of Wales Road. 


GLASGOW. 
Wednesday, November 7th, 1956, at 4 p.m 


Lecture, The Structure of Vitamin B,,, by Mrs. D. M. Hodgkin, M.A., Ph.D., F.RLS. 
Joint Meeting with The Alchemists’ Club to be held in the Chemistry Depart- 
ment, The University. 


Friday, November 16th, 1956, at 7.15 p.m. 


Lecture, The Hydrogen Isotope Effect in Reaction Kinetics, by Mr. R. P. Bell, 
M.A., F.R.S. To be given in the Chemistry Department, The University, 


HULL. 
Thursday, November 29th, 1956, at 7.30 p.m. 


Lecture, The Steric Control of Chemical Reactivity, by Dr. G. Baddeley, D.Se., Ph.D., 
F.R.LC, Joint Meeting with the Royal Institute of Chemistry to be held in the 
Organic Chemistry Lecture Theatre, The University. 


IRISH REPUBLIC, 
Friday, November 2nd, 1956, at 7.45 p.m. 


Lecture, The Birth and Death of Free Radicals in Polymerisation, by Dr. ©. H 
Bamford, M.A., A.R.LC. Joint Meeting with the Werner Society to be held 
in the Chemistry Department, Trinity College, Dublin. 


LEEDS. 
Monday, November 12th, 1956, at 6.30 p.m. 


Royal Institute of Chemistry Lecture, Determination of Alcohol In Blood and Urine 
of Drunken Drivers and the Interpretation Thereof, by Dr. D. W. Kent Jones, 
B.Sc., F.R.LC. To be given in the Chemistry Lecture Theatre, The University. 
(All Fellows are invited.) 


Thursday, November 15th, 1956, at 6.30 p.m. 


Lecture, Tropylium, by Professor M. J. S. Dewar, M.A., D.Phil. Joint Meeting 
with the Leeds University Chemical Society to be held in the Chemistry Lecture 
Theatre, The University. 


LIVERPOOL, 
Thursday, November \st, 1956, at 5 p.m. 


Lecture, Chemistry at Extreme Temperatures, by Professor G. Porter, M.A., Ph.D. 
Joint Meeting with the University Chemical Society, the Royal Institute of 
Chemistry, the Society of Chemical Industry, and the British Association of 
Chemists, to be held in the Chemistry Lecture Theatre, The University. 


MANCHESTER. 
Wednesday, November lAth, 1956, at 6.30 p.m. 


Lecture, Reeent X-ray Structural Determinations in Glasgow, by Professor 
J. M. Robertson, Ph.D., D.Sc., F.R.LC., F.R.S. To be given at the College 
of Technology. 


NEWCASTLE AND DURHAM. 
l'riday, November 9th, 1956, at 4 p.m. 

Meeting for the Reading of Original Papers. To be held in the Chemistry Building, 

King’s College, Newcastle upon Tyne, ] 
Monday, November 12th, 1956, at 5.15 p.m. 

Lecture, Organile Semi-conductors, by lrofessor D. D. Eley, M.Se., Ph.D. Joint 
Meeting with the Durham Colleges Chemical Society to be held in the Science 
Laboratories, The University, Durham. 

Iriday, November \6th, 1956, at 5.30 p.m. 

Kedson Club Lecture, The Chemistry of Some Naturally Occurring Polyacetylenes, by 
Professor B. Lythgoe, M.A., Ph.D., F.R.LC. To be given in the Chemistry 
suilding, King’s College, Newcastle upon Tyne, 1. (All Fellows are invited.) 

Monday, November 26th, 1956, at 5.15 p.m. 


Lecture, The Mechanies of Steric Hindrance, by ProfessorC. K. Ingold, D.Sc., F.R.L.C., 
RS. Joint Meeting with the Durham Colleges Chemical Society to be held 
in the Applebey Lecture Theatre, Science Laboratories, The University, Durham. 


NORTHERN IRELAND, 
Thursday, November 15th, 1956, at 7.15 p.m. 


Lecture, Reeent Advances in Acetylene Chemistry, by Professor R. A. Raphael 
D.Se., D.LC., F.R.LC. Joint Meeting with the Royal Institute of Chemistry 
and the Society of Chemical Industry, to be held at The Queen’s University, 
Belfast. 


NORTH WALES, 


Thursday, November 8th, 1956, at 5.45 p.in. 


Lecture, Allene Chemistry, by Professor E. R. H. Jones, D.Sc., Ph.D,, F.R.LC., 
F.R.S. Joint Meeting with the University College of North Wales Chemical 
Society to be held in the Department of Chemistry, University College of 
North Wales, Bangor. 


NOTTINGHAM AND LEICESTER. 


Thursday, November \st, 1956, at 4.45 p.m. 


Lecture, Elaboration Products of Eucarvone, by Professor K. A. Raphael, D.Sc., 
D.L.C., F.R.LC. Joint Meeting with Nottingham University Chemical Society 
to be held in the Lecture Theatre, Chemistry Department, The University, 
Nottingham, 


Monday, November 19th, 1956, at 4.30 p.m. 
Lecture, The Structure of Vitamin B,,, by Mrs. D. M. Hodgkin, M.A., Ph.D., F.R.S. 
Joint Meeting with the Chemical Society of the University College of Leicester 
to be held at University College, Leicester. 


| uesday, November 27th, 1956, at 4.45 p.m. 


Lecture, Mechanism of Solid-state Reactions and the Structure of the Solid State, by 
Professor W. E. Garner, C.B.E., D.Se., F.R.S. Joint Meeting with Nottingham 
University Chemical Society to be held in the Lecture Theatre, Chemistry 
Department, The University, Nottingham. 


OXFORD. 
Monday, November 5th, 1956, at 8.15 p.m. 


Lecture, Organometallic Compounds, by Professor G. EF. Coates, M.A. 
Meeting with Oxford University Alembic Club to be held in the Physical 
Chemistry Laboratory, South Parks Road, Oxford 


Joint 


ST. ANDREWS AND DUNDEE. 


Thursday, November \st, 1956, at 5.15 p.m. 
Lecture by Professor Wilson Baker, D.Sc., Ph.D., F.R.LC., F.R.S. Joint Meeting 
with the University Chemical Society to be held in the Chemistry Department, 
St. Salvator’s College, St. Andrews. 


Friday, November 9th, 1956, at 5.15 p.m. 
Lecture, Application of Modern Techniques to Problems in Brewing, by Professo: 
I. A. Preece. Joint Meeting with the University Chemical Society to be held 
in the Chemistry Department, St. Salvator’s College, St. Andrews, 


SHEFFIELD. 
Thursday, November 15th, 1956, at 7.30 p.m 
Lecture, Chemotherapeutic Research, by lr. F. L. Rose, O.B.E., D.Se., Ph.D., 
F.R.LC. Joint Meeting with the Royal Institute of Chemistry and Sheffield 
University Chemical Society, to be held in the Chemistry Lecture Theatre 
The University. 


SOUTHAMPTON. 
Friday, November 2nd, 1956, at 5 p.m. 
Lecture, Some Applications of Radiochemistry, by Dr. R. Spence, C.B., FRA 


Joint Meeting with the University Chemical Society to be held in the Chemistry 
Department, The University 


Friday, November 23rd, 1956, at 5 p.m. 
Lecture, Some Aspects of the Organic Chemistry of Phosphorus, by Professor H. \ 
Rydon, D.Sc., Ph.D., A.R.C.S., F.R.L.C. Joint Meeting with the University 
Chemical Society to be held in the Chemistry Department, The University, 


SOUTH WALES. 
Monday, November 12th, 1956, at 5.30 p.m. 


Lecture, Some Radical Reactions, by Dr. R. N. Haszeldine, M.A., Ph.D., PRL 
To be given in the Chemistry Department, University College, Cardiff. 


Friday, November 16th, 1956, at 6 p.m. 
Lecture, Some Recent Developments in Inorganic Stereochemistry, by Professor 
R. S. Nyholm, D.Sc., Ph.D., F.R.LC. Joint Meeting with the University 
College of Swansea Chemical Society to be held in the Chemistry Department 
University College, Swansea. 


lriday, November 23rd, 1956, at 6 p.m. 

Lecture, Factors Involved in the Production of Carbonium Ions, by Professor A. G 
Evans, D.Sc., Ph.D., F.R.LC. Joint Meeting with the University College of 
Swansea Chemical Society to be held in the Chemistry Department, University 
College, Swansea. 


OFFICIAL ANNOUNCEMENTS 
DEATHS. 


lhe Council regrets to announce the deaths of the following Fellows : 


Elected. Died. 


I.rnest Alexander Braude (Kew) (¢ f Jan, 22nd, 1942 July 23rd, 1956. 
Herbert Levinstein (Bletchley) Dec. 3rd, 1914 Aug. 3rd, 1956. 
Neville Smith (Pontefract) Sept. 15th, 1943 June 4th, 1956. 
Vivian John Weston (Ibadan) Feb. 15th, 1945 Apr. 7th, 1956 


ELECTION OF NEW FELLOWS. 
Ihe following 30 candidates were elected Fellows of the Society on August 13th, 1956 


Herbert I. Berman Norman Albert Perkins 
John Bull George Bouet Petersen 
Thomas Ronald Capel, Robert Peter Campbell Pockley. 
Colin Gerald Coe Cyril Solomons. 

Maria Di Fonzo Leslie Howard Sutcliffe. 
Hans Feilchenfeld Margaret Louise Swindells 
James Keith Hambling. William John Thomas 
Thomas Andrew Hamor David Frank Tooley 
Puthupparambil Ittyerah Ittyerah K. C, Tsou, 

John sew Jones Brian Thomas Waters 
Viassios Krentos Alfred John Weinheimer 
Carl Edward Lorenz David Willner 

Charles John Mandleberg Philip Daryl Wilmot 

Alton Meister John Allan Yates 

Antonio Moriondo Martin John Zissell 


RESEARCH FUND. 

A meeting of the Research Fund Committee will be held in November next. All persons 
who have received grants and whose accounts have not been declared closed by the Council 
are informed that reports must be received by the Society not later than November Ist, 
1056 

Applications for grants, to be made on forms available from the General Secretary, 
must be received on or before November 15th, 1956, Applications from Fellows will 
receive prior consideration, 


THE HARRISON MEMORIAL PRIZE 

In accordance with the Trust Deed governing the Harrison Memorial Fund, the Selection 
(Committee, consisting of the Presidents of the Chemical Society, the Royal Institute of 
Chemistry, the Society of Chemical Industry, and the Pharmaceutical Society, will, after 
December Ist, 1956, consider making an award of the Harrison Memorial Prize. 

The Prize, not exceeding 100 Guineas, will be awarded to the chemist of either sex, 
being a natural-born British subject and not at the time over thirty years of age, who, in 
the opinion of the Selection Committee, shall, during the previous five years, have con 
ducted the most meritorious and promising original investigations in chemistry and pub 
lished the results of those investigations in a scientific periodical or periodicals, 

Applications, five copies of which must be submitted, should give the name of the 
applicant (in full), age (birth certificate should accompany the application), degrees (with 
name of University), any other qualifications and experience, titles of published papers 
(with co-authors’ names), including full references to publication, where research was 
carried out, testimonials and references, and any other particulars bearing on the 
appli ation 

The Selection Committee is prepared to consider applications, nominations, or inform- 
ation as to candidates eligible for the Prize. Any such communication must be received by 
the President, The Chemical Society, Burlington House, Piccadilly, London, W.1, not 
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later that Saturday, December Ist, 1956. (Candidates must not have attained the age of 
thirty years at this date. 


CORDAY-MORGAN MEDAL AND PRIZE. 

This award, consisting of a Silver Medal and a monetary Prize of 200 Guineas, is made 
annually to the chemist of either sex and of British Nationality who, in the judgment of 
the Council of the Chemical Society, has published, during the year in question, the most 
meritorious contribution to experimental chemistry, and who has not, at the date of pub 
lication, attained the age of thirty-six years. 

Copies of the rules governing the Award may be obtained from the General Secretary 
of the Society. Applications or recommendations in respect of the Award for the year 
1955 must be received not later than December 31st, 1956, and applications for the Award 
for 1956 are due before the end of 1957. 


ACKNOWLEDGMENTS. 
The thanks of the Society have been conveyed to Dr. A. E. Parkes for a gift of 
publications. 


75th ANNIVERSARY OF THE SOCIETY OF CHEMICAL INDUSTRY. 

The President and Professor F. Bergel (Honorary Secretary) represented the Society 
at the Seventy-Fifth Anniversary Celebrations of the Society of Chemical Industry in July 
when the following address was presented : 


THE CHEMICAL SOCIETY 
TO THE 
PRESIDENT, COUNCIL, AND MEMBERS 
OF THE 
SOCIETY OF CHEMICAL INDUSTRY 


We, the President, Council, and Fellows of the Chemical Society, send you our greetings 
and felicitations on the occasion of the celebration of the seventy-fifth anniversary of the 
foundation of the Society of Chemical Industry. 

On April 4th, 1881, at a meeting held in the Rooms of The Chemical Society in Burling 
ton House, the inaugural meeting of the Society of Chemical Industry was held under the 
Chairmanship of Professor Sir Henry Roscoe, who was later elected your first President 
Professor Roscoe, who held office as President of The Chemical Society from 1880 to 1882, 
referred in his Presidential Address of 1882 to the foundation of our Sister Society as 
“a matter for congratulation,’ and added, ‘' The two Societies will, it is to be hoped, prove 
of mutual advantage.’’ The history of the past seventy-five years shows how amply these 
hopes have been fulfilled, and it is our great pleasure to repeat them to-day. 

It is our sincere wish that the Society of Chemical Industry, which this year comes into 
possession of fine premises of its own, may continue to play a leading part in the develop 
ment of the many applications of fundamental chemical science, and may thus contribute 
in ever-increasing measure, to the advancement of knowledge and to the well-being and 
prosperity of mankind. 

Signed on behalf of The Chemical Society, 

Kk. L. Hirst 
President. 

MictAkL W. Perrin 
/ veasurer. 

L.. k. SUTTON 

VF. BERGEL 

J. CHATT 

London, July 1956. Honorary Secretaries. 
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XVith INTERNATIONAL CONGRESS FOR PURE AND APPLIED CHEMISTRY. 


The XVIth International Congress for Pure and Applied Chemistry will take place in 
Paris from July 18th to 24th, 1957, simultaneously with the XIXth Conference of the 
International Union of Pure and Applied Chemistry. It will be preceded by the Centenary 
Celebrations of the Société Chimique de France. 

[he Congress will be divided into three Sections, for Physical, Inorganic, and Organic 
Chemistry. 

Papers intended for the various Sections should deal with one of the following 
subjects 


In Physical Chemistry. 
Physicochemical aspects of radioactive elements. 
Combustion of gaseous mixtures, 
Water in chemical compounds. 
Diffusion in liquids and gels: reactions and structures 


In Inorganic Chemistry. 
Che solid compounds of transition metal (except complex compounds). 
[he compounds of boron with hydrogen and non-metallic elements. 
Chemical properties of the elements in actinium series. 
Chemical properties of substances at high temperature. 


In Organic Chemistry. 
Reaction mechanisms and intramolecular rearrangements. 
Organometallic and organometalloidic compounds. 
Selective reactions and orientation phenomena ; stereochemistry. 
Structure and synthesis of natural compounds (except macromolecular substances). 


burther details will be published in a later issue of Proceedings 
& 


LIST OF APPLICATIONS FOR FELLOWSHIP 


(hellows wishing to lodge objections to the election of these candidates should communicate with the 
Honorary Secretaries within ten days of the date of publication of the Journal for September, 1956, Such 
oljections will be treated as confidential, The forms of application are available in the Library.) 


Ahmed, Khalil, M.Sc. (Punjab). Pakistani. 6, Sultan Teepu Street, Misri Shah, Lahore, West Pakistan 
Kesearch Fellow at the West Kegional Laboratories, Lahore, Signed by: M. Hashmi, M. I. D 
Chughtai 

Anderson, Douglas MacDonald Watt, B.Sc. and Ph.D. (Edin.), A.R.LC. British. Department ot 
Chemistry, The University, West Mains Road, Edinburgh, 9. Lecturer. Signed by: E. L. Hirst, 
(. O, Aspinall 

Barker, Leslie Oliver. British. Koyal Hospital School, Nr. Ipswich, Suffolk. Science Master 
Signed by; F. C, Lloyd, C. L. Geall, 

Bayer, Raymond Philip, B.A. (Minnesota). American. Department of Chemistry, University of North 
Dakota, Grand Forks, North Dakota, U.S.A. Graduate Student. Signed by: V. H. Tiensuu, S 
Pomerantz 

Bayer, Robert William, 13.A. (Minnesota). American, Department of Chemistry, University of North 
Dakota, Grand Forks, North Dakota, U.S.A. Graduate Student. Signed by; V. H. Tiensuu, 
S. Pomerantz 

Becker, Robert R., M.S. and Ph.D, (Wisconsin). American. Department of Chemistry, Columbia 
University, New York 27, N.Y., U.S.A. Assistant Professor. Signed by: D. Kirschenbaum, G 
Stork 

Corrodi, Hans Rudolph, D Sc. and Dip.-Ing. Chem. (Zurich). Swiss. Schulhausstr. 34, Meilen, Switzer- 
land Kesearch Assistant at ETH, Zurich Signed by: V. Prelog, B. G. Engel 

Gream, George Edward, Li.5c. (New England) Australian. University of New England, Armidale, 
New South Wales, Australia student Signed by: N. V. Riggs, J. E. Banfield 

Heaps, Eileen Violet. [ritish 14, Brockenhurst Gardens, Mill Hill, N.W.7 Undergraduate at Oxford 
University Signed by: L. A. K. Staveley, R. E. Richards 
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Hull, William Q., B.E. (Vanderbilt), American. American Chemica! Society, Bush House, Aldwych 
W.C.2. European Editor. Signed by: E. K. Rideal, L. H. Lampitt 

Johnstone, Robert Alexander Walker, 1..Sc. and Ph.D). (Sheffield). British. 30, Rutland Avenue, 
Sandal, Wakefield, Yorks. Research Student. Signed by: H. J. V. Tyrrell, T. S. Stevens 

Kreling, Maria Elisabeth. German. 4722, Maplewood Avenue, Montreal, P.O, Canada. Research 
Chemist with Monsanto Canada, Ltd. Signed by: E. J. Tariton, D. J. Whittingham 

Little, John Clayton, B.S. (California). American. 219, Noyes Laboratory, Department of Chemistry 
University of Illinois, Urbana, Illinois, U.S.A. Graduate Student. Signed by; N. J. Leonard, 
D. Y. Curtin. 

McKean, Donald Campbell, M.A. and D.Phil. (Oxon.). British. Chemistry Department, The University, 
Old Aberdeen. Lecturer. Signed by: R. H. Thomson, K. W. Bentley 

Merler, Ezio, B.A. and M.Sc. (British Columbia). Canadian. 17, Garrett Street, Kingston, Ontario, 
Canada, Student. Signed by: J. K. N. Jones, K. E. Russell 

Meyer, Hanan, Ph.D. (Jerusalem). Israeli. Department of Biological and Colloidal Chemistry, The 
Hebrew University, Jerusalem, Israel. Instructor in Biochemistry. Signed by; A. Neuberger, 
J. J. Scott. 

Monks, Edward Robert, B.Sc. (Lond.). British. 52, Standen Avenue, Hornchurch, Essex. Kesearch 
Student. Signed by: C. M. French, M. F. Ansell 

Murray, Robert Douglas Hutton. British. 33, Ayr Road, Prestwick, Ayrshire. Undergraduate at 
Glasgow University. Signed by: D.S. Payne, J. C. D. Brand 

Ohta, Tatsuo, D.Pharm. (Tokyo). Japanese. Tokyo College of Pharmacy, 600 Kashiwagi 2-Chome, 
Shinjuku-ku, Tokyo, Japan. Professor of Bacteriology and Phytochemistry. Signed by; 5 
Shibata, S. Sugasawa. j 

Seese, William 8., B.S. (New Mexico). American. 8012, Morrow Road, N.E., Albuquerque, New 
Mexico. Research Assistant in Chemistry. Signed by: RK. N. Castle, J. L. Riebsomer. 

Slater, Arthur Walter, M.Sc. (Lond.). British. Flat 3, 14, Pembridge Crescent, London, W.11 
Lecturer. Signed by: FE. Boyland, F. Bergel. 

Spotswood, Thomas McLeod, M.Sc. (Tasmania). British. 8, Browning Street, Clearview, Adelaide, 
South Australia. Research Chemist. Signed by: P. EF. Rogasch, C. L. Cook 

Taylor, Sheila Ann. British. Imperial College Hostel, Prince Consort Road, South Kensington, S.W.7 
Student. Signed by: J. Elvidge, D, M. Wells. 

Thomas, Ann Margaret, B.S. (Pennsylvania). American. Chemistry Department, Indiana University, 
Bloomington, Indiana. Graduate Student. Signed by; V. J. Shiner, jun., Ff. Vratny 

Werbei, Leslie M., B.S. (Queens Coll.), M.A. (Columbia). American. 1208, W. California Street, Apart 
ment 5, Urbana, Llinois, U.S.A. Graduate Student at Lilinois University. Signed by: D. Y 
Curtin, R. Adams. 

Whitcutt, John Michael, B.Sc. (Rand.). South African. c/o National Chemical Research Laboratory, 
P.O. Box 395, Pretoria, South Africa. Research Chemist. Signed by: C. PF. Garbers, J. P. de 
Villiers. 


UNDER SPECIAL PROVISION APPERTAINING TO CANDIDATES RESIDENT ABROAD. 


Bailey, William Charles, jun., B.S. (The Citadel), American. Chemistry Department, Emory University, 
Georgia, U.S.A. Student. Signed by: L. Mandell 

Eggers, Heinrich, Dr.rer.nat. (Gottingen). Rottmannstr. 20, Heidelberg, Germany. Student. Signed 
by: A. M. Meston. 

Knowles, DeWitt C., jun., B.S. (Brooklyn Polytech.), M.S. (New York). American. Harris Research 
Laboratories, 1246, Taylor Street, N.W., Washington I1, D.C., U.S.A. Research Associate 
Signed by: R. Saxon 

Pollack, Morris, M.S. (Brooklyn Polytech.), Ph.D. (Purdue). American. 2005, Vyse Avenue, New 
York 60, N.Y., U.S.A. Senior Research Chemist, Columbia-Southern Chemical Corp., Barbeuton 
Signed by: G. Klee 

Sher, Murray Joel, B.S. (Boston Coll.), Ph.D. (New York). American. 734, Third Street, New Martins 
ville, West Virginia, U.S.A. Chemist with Columbia-Southern Chemical Corp. Signed by; J. W 
Hellman. 

Whitney, Ellsworth Dow, B.A. (Buffalo), Ph.D. (New York). American. 110, Alberta Drive, Eggerts 
ville 21, New York, U.S.A. Research Chemist, Olin Mathieson Chemical Corp., Niagara Falls, New 
York. Signed by: R. J. F. Palchak. 

Wilde, Richard Edward, jun., B.S. (California). American. 42134, University Way, Apt. L., Seattle 5 
Washington, U.S.A. Graduate Student at Washington University. Signed by: K. G. Neville 
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PAPERS ACCEPTED 


(List of Papers accepted between August 4th and August 27th, 1956, 
for publication in the Journal.) 


Thermal decomposition of mercuric o- and m-nitrobenzoates and 4-nitrophthalate.’’ 
By P. 5. MAYURANATHAN. 

Thermal decomposition of the mercuric and silver salts of the isomeric methy! 
hydrogen 3-nitrophthalates."" By P.S. MAYURANATHAN. 

Crystal symmetry, and the adsorption of dyes by growing crystals. Part I. 
Ammonium nitrate 1V."” By Joun WHETSTONE. 

 Radical-capture agents in tetralin. Part I. Measurement of relative efficiencies and 
correlation with structure.” By D. S. Davies, H. L. Go_psmiru, A. K. Gupta, and 
(. RK. Lester 

“ Electronic spectra of organic molecules and their interpretation. Part II. Effect of 
terminal halogen atoms of conjugated systems on K-bands.”” By A. Burawoy and 
A. KR. THOMPSON, 

Some cholesteryl phosphates.” By H. A. C. Montgomery, J. H. TURNBULL, and 
W. WILSON 

“ Synthesis of a dihydrosantonin isomer.” By J. K. CHAKRABARTI, P. Dutt, and 
P.C, Dutta 

The reaction between aromatic compounds and derivatives of tertiary acids. Part 
Vill. The use of an infrared gas analyser for the quantitative determination of carbon 
monoxide.” By MicHagL FE, Grunpy, EuGene Roruster, and (in part) Wel-Hwa Hsw. 

‘ The reaction between aromatic compounds and derivatives of tertiary acids. Part 
1X. Concentration and environmental factors influencing the elimination of carbon 
monoxide from pivaloyl chloride."’ By MicuagL E. Grunpy, EUGENE ROTHSTEIN, and 
(in part) We1-Hwa Hst. 

The identity of the cubic oxide present in films on iron."” By D. Euror Davigs and 
U. R, Evans 

The structure of molecules and ions of the type X,A*AX,, X,A’AY,, and YXA*AXY.” 
By P. J. WHEATLEY. 

The thermodynamics of the fo: mation of complex ions of ethylenediaminetetra-acetic 
acid and bivalent cations.”” By R. A. Care and L. A. K. STAVELEY. 

“ Phenanthridines. Part I, The synthesis of bromophenanthridines.” By G. M. 
BADGER and W, F, H. SAsse. 

Reduced cyclic compounds. Part Il. The synthesis of 1-l’-acetoxyvinyleyclo 
hexene and its reactions with some dienophils,”” By M. F. ANsELt and G. T. Brooks. 

‘ The relation between configuration and conjugation in diphenyl derivatives. Part 
VII. Halogenodiphenyls.”” By G. H. Beaven and D. Murtet HALL. 

The composition of Hakea actcularis gum."" By A. M. STEPHEN. 

Some 5a : 6a-epoxy-3-oxo-steroids.”” By BERNARD ELLIs and VLADIMIR PETROW. 

‘4: 4-Dimethyl-steroids, Part II. Some androstane and pregnane derivatives.’ 
ty (Mrs.) W. J. Apams, D. K. Pater, V. Petrow, (Mrs.) I. A. STUART-WeEBB, and 
5, STURGEON. 

The polarography of some simple pyrazine derivatives.’’ By L. F. WicGins and 
W. 5. Wise. 

‘ Phosphonic polymers. Part I. The copolymerisation of diethyl vinylphosphonate 
and styrene.”” By C, L. Arcus and R. J. S. MaTTHEWws. 

‘’ Several quinoxalines of biological interest.’’ By R. M. ACHEson. 

‘ Energy levels and absorption of some monosubstituted benzene derivatives.’’ By 
A. MANGINI and C, ZAULI. 

“ The reaction between phosphorus trichloride and bromine.” By G. S. Harris and 
D. S. PAYNE 

‘Infrared spectra of metal ammines and related compounds. Part II. The trans- 
effect in platinous complexes."" By D. B. Powe ct. 
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Spectra o: “"~*sttion “etal complexes of the type [Co(NH,)sX)'*."" By J. S. 
GRIFFITH and L. & smwhi 

‘ Carbamoylgiyoxaline.’ By ;. M. Lowenstein. 

“ The reaction of tetra-alkylaminonium halides with potassium in liquid ammonia.” 
By D. A. Haztenursr, A. K. HOLtipay, and G. Pass 

“ Aromatic reactivity. Part 1. Effects of substituents on the removal of the tri- 
methylsilyl group.” By C, Eanorn. 

‘Steroids and Walden inversion, Part XXXIV. The mechanism of deamination.” 
By C. W. Suoprre, D. E. Evans, and G. H. R. SummMeErs. 

 Synthetical experiments in the chelidonine sanguinarine group of alkaloids. Part 
IV." By A. S, Battey and C, R. Worrnine, 

‘ By-ways of synthesis of cortisone from hecogenin. Part I. 9-Dehydrohecogenin as 
intermediate in preparation of Il-oxygenated compounds (11-oxotigogenin and 36- 
acetoxy-17«-hydroxyallopregnane-11 ; 20-dione)."" By R. K. Cattow and V. H. T. James. 

“ By-ways of synthesis of cortisone from hecogenin. Part Il. A route to ll-oxygen- 
ated compounds through 3% ; 206-diacetoxy-11-bromoallopregnan-l2-one. By R. K. 
CaLtow and V. H. T. JAMEs. 

“ The reduction of carbon monoxide by lithium aluminium hydride."” By J. PF. 
Martin, A. J. NEALE, and H. S. TURNER. 

‘“ Non-aqueous solutions of phosphorus pentabromide.”” By 
)). 5. PAYNE. 

‘ The chemical synthesis of polysaccharides. Part 1. Synthesis of gentiodextrine,” 
by 5. Hag and W. J. WHELAN. 

“ Tryptamines, carbolines, and related compounds. Part II, 
of tryptamines and 6-carbolines.” By R. A. ApraAmovitcu and D, Suapiro. 

“ Tryptamines, carbolines, and related compounds. Part III, Seope of the method 
of synthesis of tryptamines. 1-Methyl- and NN’-dimethyl-tryptamines.”” By R. A, 
ABRAMOVITCH. 

“The chemistry of santonin. Part III. The stereochemistry of some reduction 
products of santonin.” By Wes_ey Cocker and T, Bb. H. McMurry, 

 4-Benzoyldiphenylamine.”” By M. P. Lirpnex and Murter L, ToMLInson, 

2: 6-Dimethylacetophenone.” By (the late) E. A. Brauner and R. L. ERsKine, 

‘ The chemical action of ultrasonic waves."" By A. V. M. Parke and Duncan Taytor. 

‘ Synthesis of polycyclic compounds. Part VI. The preparation of 1: 2: 3: 4-tetra- 
hydro-6-methoxy-4-sopropyl-l-oxonaphthalene and related compounds.” By J. ©. 

SARDHAN and D. N. MUKHER]JI. 

 Hydroaromatic steroid hormones. Part V. 

sy A. J. Biren and HeERcHEL SMITH. 

‘ Water-soluble complexes of niobium (columbium) and tantalum. Part I. Complexes 
with «-hydroxy-acids and ethanolamines.”” By Frep FAirprotuer and Joun B, TAYLOR, 


G. S. Harris and 


A convenient synthesis 


Some p-homo-18 : 19-bisnorsteroids.”’ 
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ADDITIONS TO 


Reagent chemicals; Am+rican Chemical 


Society specifications, 1955. (American 
Chemical Society. Committee on Analytical 
Reagents.) American Chemical Society. 
1955. 

Beilsteins Handbuch der Organischen 
Chemie, edited by F. Richter. 4th edn. 


Vol, 29. Part 1. General-Formelregister fir 
das Hauptwerk und die Erginzungswerke | 
und IT, C,C,,. Springer-Verlag. 1956. 
(Presented by the Editor.) 

Annual review of plant physiology, edited 
by L. R. Blinks, L. Machlis, and J. G. Torrey. 
Vol. 7. Annual Reviews, Inc. 1956. 

Process chemistry, edited by I’. Kk. Bruce 
et al, Vol. 1, (Progress in Nuclear Energy. 
Series I1f.) Pergamon Press Ltd. 1956. 

Industrial research, 1956—1957, edited by 
P, Dunsheath. Todd Publishing Group Ltd. 


1956. 

Organic chemistry, by L, F. Vieser and M 
Vieser, ‘3rd edn. Reinhold Publ. Corp 
1956, 

Gmelins Handbuch der Anorganischen 
Chemie, Zink. Erginzungsband. System- 
nummer 32. 8th edn. Verlag Chemie, 
GMBH, 1956. 


THE LIBRARY 


Chemistry of high degradation processes, 
by N. Grassie. Butterworths Scientific Publ. 
1956. 

The metallurgy of zirconium, edited by B. 
Lustman and F. Kerze, jun. McGraw-Hill 
Book Co., Inc. 1955. 

A symposium on inorganic nitrogen meta- 
bolism: function of metallo-flavoproteins, 
edited by W. D. McElroy and B. Glass. 
Sponsored by the McCollum-Pratt Institute of 
Johns Hopkins University. Johns Hopkins 
Press. 1956. 

The renaissance of inorganic chemistry. 
An inaugural lecture delivered at University 
College London, March 1956, by R. S, Nyholm. 
University College, 1956, (Presented by the 
Author.) 

Biographisch-literarisches Handwérterbuch 
der exakten Naturwissenschaften. Band VIla, 
Teil 1: A-E, 4 Lieferung, by J. C. Poggen- 
dorff. Akademie-Verlag. 1958. 

The application of the mass spectrometer 
to the analysis of organic compounds, by J. D. 
Waldron. (Metropolitan-Vichers Gazette, 1956, 
27, (444), p. 220—228.) Metropolitan-Vickers. 
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(Presented by the Publishers.) 
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PROCEEDINGS 
OF THE 


CHEMICAL SOCIETY 


SCIENTIFIC MEETINGS DURING DECEMBER, 1956 
LONDON. 
Thursday, December 13th, 1956, at 7.30 p.m 


lilden Lecture, Physical Properties of High Polymers in Relation to their Chemical 
Structures, by Professor G. Gee, M.Se., Ph.D., F.R.S. To be given in the 
Lecture Theatre, The Royal Institution, Albemarle Street, London, W.1. 


ABERDEEN. 


Friday, December 7th, 1956, at 7.30 p.m 
Lecture, Polarographie Studies in Physical and Analytical Chemistry, by Dr. W. 
Furness, B.Sc. Joint Meeting with the Royal Institute of Chemistry and the 
Society of Chemical Industry, to be held at Marischal College 
BRISTOL. 


Thursday, December 6th, 1956, at 7 p.m 


Lecture, Corrosion Fatigue and Stress Corrosion, by Mr. T. D. Weaver and Dr. K, R. 
Wilson, M.S. Joint Meeting with the Royal Institute of Chemistry, the In- 
stitute of Metals, and the Corrosion and Chemical Engineering Groups of the 
Society of Chemical Industry, to be held in the Chemistry Department, The 
University. 


CAMBRIDGE. 
Monday, December 3rd, 1956, at 8.30 p.m 


Lecture, Acetylene and cycloButaciene Complexes of the Transition Metals, by 
Dr. M. C, Whiting, B.Sc. To be given in the University Chemical Laboratory, 
Lensfield Road. 


EDINBURGH. 
Thursday, December 6th, 1956, at 7.30 p.m 


Lecture, The Application of Disintegrators and Conveyer Heat Exchangers in the 
Chemical and Food Industries, by Mr. T. S. Ling. Joint Meeting with the 
Royal Institute of Chemistry and the Society of Chemical Industry, to be held 
at the North British Station Hotel 


IRISH REPUBLIC, 


Wednesday, December 5th, 1956, al 7.45 p.m 


Lecture, Algal Photosynthetic Pigments, by Dr. Colm O hEocha, M.Se., M.LC.I. 
To be given in the Chemistry Department, University College, Dublin. 


MANCHESTER, 
I'niday, December 7th, at 6.30 p.m. 


Lecture, New Aspects of the Sequestration of Metals, by Dr. R. L. Smith, B.Sc., 
A.R.LC, Joint Meeting with the Royal Institute of Chemistry and the 
Society of Chemical Industry, to be held in the Chemistry Lecture Theatre, 
The University. 


Lhursday, December \3th, 1956, at 6.30 p.m. 


Lecture by Professor J. Baddiley, D.Sc., Ph.D. To be given in the Chemistry 
Lecture Theatre, The University. 


NORTHERN IRELAND. 
l uesday, December 4th, 1956, at 7.45 p.m. 


Lecture, The Oxidation of Hydrocarbons and Aldehydes in Solution, by Professor 
C, E. H. Bawn, C.B.E., Ph.D., F.R.S. Joint Meeting with the Royal Institute 
of Chemistry and the Society of Chemical Industry, to be held at The Queen’s 
University, Belfast. 


SOUTHAMPTON, 


Thursday, December 6th, 1956, at 8 p.m. 
Lecture, Degradation of High Polymers, by Dr. N. Grassie, A.R.I.C. Joint Meeting 
with the University Chemical Society, the Plastics Institute and the Royal 
Institute of Chemistry, to be held in the Chemistry Department, The University. 


OFFICIAL ANNOUNCEMENTS 
DEATHS. 
The Council regrets to announce the deaths of the following Fellows 
Elected Died 


Edward John Honess (Southsea) .. Dee. 7th, 1916 Aug. l4th, 1956 
Harold Lewis (W.C.2) Mar. 16th, 1944 May 19th, 1956 
Wilfrid Gustav Polack (Birmingham) Dec. 2nd, 1915. June 19th, 1956 
Noel Douglas Ridsdale (Middlesbrough) Dec, 7th, 1911 July 17th, 1956 
George Eliiott Shaw (Tonbridge) ..................... May 16th, 1895 Feb., 1956 
Allan Frederick Walden (Oxford) ............. May 4th, 1899 Apr. 19th, 1956, 
William Wilson (Dumfries) May 18th, 1044 July Ist, 1956 


ELECTION OF NEW FELLOWS. 
The following 69 candidates were elected to the Fellowship on September 17th, 1956 


Michael Anbar Reuben Leberman 

Judah Arotsky. William Richard Bruce Leigh 
Muhammed Ashraf. Leslie Harry Little 

Derek Charles Bishop. John Francis Lovett 

David Andrew Blackadder Peter Albert Lowe. 

Solly Blumenfeld. William Robert McGregor 


Carl Lee Bumgardner Dennis Joseph McHugh 
Hung-Chen Chiang. Frederick Arthur Pomroy Maggs 
Benjamin Peter Dailey. Samuel S. Markowitz 

Paul William Darby. Montague Miller. 

Robert Joseph Dummel. Samuel Martin Nelson 
Adrienne Gertrud Adele Eisner. Julian Harold Newland 
Bozidar V. Eric. Judith Madeleine Nosworthy 
Frederick Peter Evans. George Andrew Olah 

Robert Davis Faulkner. Michael Allan Owen 

George Roy Fitch. Kenneth George Pickup 
James Horace William Forsythe. John Pritchard 

William Good. Jack Rosenbaum 

Harry Michael Gordon. Jan Olof Sandstrom 

George Gorin. Brahama Datta Sharma 
Samuel Thomas Griffiths. Michael Smith. 

Brian John- Thomas Harper. Bernard Peter Stark 

Frank Reid Harvey. Peter John Stoward 

Michael Roland Hatfield. an Narain Tewari 


David Oldham Hayward. Orlin Dalton Trapp, jun 
John Hickman James Robert Turvey 


Tohru Hino. David Selway Urch. 
Nobumasa Hojo. my Marcelline Elizabeth von Bertele 


Jack lan Hoppe. Edel Wasserman 
Ronald Whitele Jackson. Elizabeth Jessie Williamson 


Stanley Roy Johns. Clyde DeClifford Willson 
George Johnson, Brijnandan Prasad Yadava 


Philip Douglas Lawley. John Si Chiu Yan 
Thomas Richard Layzell, ernst Zerner 
David Herbert Leaback. 


ACKNOWLEDGMENTS. 
The thanks of the Society have been conveyed to Mr. F. O. Isaac and Dr, R. J. Woods 
for gifts of the Society's publications. 


PROCEEDINGS OF THE CHEMICAL SOCIETY, 1957. 

Council has approved plans for a change in the style, format, and contents of the 
Society’s Proceedings. From January, 1957, Proceedings will be considerably in¢ reased 
in size by the inclusion of additional material which it is hoped will add greatly to the 
interest and permanent value of the publication. The new Proceedings will be given 
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without extra charge to all Fellows who have paid the basic annual subscription, or who 
are Life Fellows, and to all non-Fellows subscribing to the Journal. In addition, non- 
Fellows may, if they wish, subscribe separately to Proceedings. 

In its new form Proceedings will no longer be issued as an insert in the Journal, but it 
will have its own distinctive cover, and will be printed in a more modern format on a white 
paper, thicker in substance than the tinted paper at present used. It will include lectures 
and obituary notices, and the Report of Council, which now appear in the Journal. It 
will also contain occasional articles, anonymous or signed, and personal news items con 
cerning distinguished Fellows and visitors from overseas, as well as other news items of 
general interest, and the official announcements which already appear. Reports of Scientific 
Meetings held by the Society will be included, as well as short scientific ‘* communications ' 
which are sufficiently urgent or important to qualify for the accelerated publication and the 
greatly increased circulation that Proceedings will offer by comparison with the Journal. 
Notes regarding the submission of “ communications’ are given below. It is also 
expected that Proceedings will include, in addition to the advertisements at present 
printed in the Journal, a section of classified small advertisements, including notices of 
appointments vacant, 

Considerably less than half the total Fellowship now receives the Journal, and Pro 
ceedings is, therefore, the only regular link which the Society has with many of its Fellows. 
The Council hopes that the improvements which are now planned will be welcomed by 
Fellows and by non-Fellows alike, and that they will form an attraction to prospective 
Fellows, and also will help to retain the interest of those Fellows who no longer need to 
subscribe to the Society's Journal. 


‘‘' COMMUNICATIONS "' FOR PROCEEDINGS, 1957. 


Starting in January, 1957, Proceedings of the Chemical Soctety will be open to ‘ Com 
munications '’ which deal with original work of immediate importance to a substantial 
body of chemists, and manuscripts can now be accepted for consideration. It is unlikely 
that manuscripts received after December 18th, 1956, will be included in the first issue. 

Publication will be granted only to ‘‘ Communications "’ which satisfy each of the three 
requirements, 1.¢., urgency, importance, and wide interest. The primary consideration 
will be that chemists in general shall benefit from information in advance of full publication 
The object shall be to share knowledge, not claim priority or reserve a field. Polemics, 
including prolonged argument about known experimental facts, would not be acceptable. 

Details of experimental methods will not be published unless they are an essential 
part of the ‘ Communications,” nor will the physical or chemical properties of inter 
mediates in syntheses or degradations. 

‘Communications " will be considered for publication whether or not the author is a 
Fellow of the Chemical Society. They will be subject to refereeing, and, if accepted, to 
editing. Authors are advised to submit, with the manuscript, a statement for the benefit 
of the referees setting out briefly the reasons why publication in advance of full presentation 
1s requested 

Authors whose ‘ Communications '’ are accepted should consider themselves under 
obligation to publish adequate details as soon as possible, or to withdraw the claims made, 
but not necessarily in a publication of the Chemical Society. 

Manuscripts must be marked “‘ Communication for Proceedings "' and sent, in duplicate, 
to the Honorary Secretaries, The Chemical Society, Burlington House, Piccadilly, London, 
W.1 They should not normally exceed 600 words in length, ¢.¢., three quarto pages in 
double-line spacing, including formula or diagrams, which should be kept to a minimum 
and may delay publication. It is hoped that in the coming year accepted ‘’ Communic 
ations '' will be published within four to eight weeks of receipt 

Authors should observe the Society's conventions for nomenclature, symbolism, etc., 
outlined in the brochure ‘' The Presentation of Papers for the Journal of the Chemical 
Society,’’ but references should be given as footnotes (see Proceedings of the Chemical 
Society, July 1955, pp. 70-81.) 
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THE HARRISON MEMORIAL PRIZE. 

In accordance with the Trust Deed governing the Harrison Memorial Fund, the Selection 
Committee, consisting of the Presidents of the Chemical Society, the Royal Institute of 
Chemistry, the Society of Chemicai Industry, and the Pharmaceutical Society, will, after 
December Ist, 1956, consider making an award of the Harrison Memorial Prize. 

The Prize, not exceeding 100 Guineas, will be awarded to the chemist of either sex, 
being a natural-born British subject and not at the time over thirty years of age, who, in 
the opinion of the Selection Committee, shall, during the previous five years, have con 
ducted the most meritorious and promising original investigations in chemistry and 
published the results of those investigations in a scientific periodical or periodicals. 

Applications, five copies of which must be submitted, should give the name of the 
applicant (in full), age (birth certificate should accompany the application), degrees (with 
name of university), any other qualifications and experience, titles of published papers 
(with co-authors’ names), including full references to publications, where research was 
carried out, testimonials and references, and any other particulars bearing on the 
application. 

The Selection Committee is prepared to consider applications, nominations, or inform- 
ation as to candidates eligible for the Prize. Any such communication must be received 
by the President, The Chemical Society, Burlington House, Piccadilly, London, W.1, 
not later than Saturday, December Ist, 1956. Candidates must not have attained the age 
of thirty years at this date. 


CORDAY-MORGAN MEDAL AND PRIZE. 

This award, consisting of a Silver Medal and a monetary Prize of 200 Guineas, is made 
annually to the chemist of either sex and of British Nationality who, in the judgment of the 
Council of the Chemical Society, has published, during the year in question, the most 
meritorious contribution to experimental chemistry, and who has not, at the date of 
publication, attained the age of thirty-six years 

Copies of the rules governing the Award may be obtained from the General Secretary 


of the Society. Applications or recemmendations in respect of the Award for the yeas 
1955 must be received not later than December 3Ist, 1956, and applications for the Award 
for 1956 and due before the end of 1957. 


THE CORDAY-MORGAN COMMONWEALTH FELLOWSHIP. 

Applications are invited from citizens of any country within the British Commonwealth 
for The Corday-Morgan Commonwealth Fellowship. This will be awarded for post 
doctorate (or equivalent) study in any branch of Chemistry. It will be tenable for one year 
in some part of the British Commonwealth other than that in which the candidate received 
his scientific education, at any university, research institution, or other place of study 
approved by the Corday~Morgan Memorial Fund Executive 

The value of the Fellowship will be £700 per annum, but additional allowances may be 
granted in appropriate cases for travel, university fees, etc. The appointment will date 
from October Ist, 1957, or such other date as may be arranged. 

The appointment will be made by the Executive not later than May 10th, 1957 

Application forms and copies of the General Regulations governing the Award may be 
obtained from The Secretary, Corday~Morgan Memorial Fund Executive, c/o The Chemical 
Society, Burlington House, London, W.1, 

Applications must be received by the Secretary not later than March Ist, 1957, 


THE ROYAL INSTITUTE OF CHEMISTRY. THE MELDOLA MEDAL 

This medal is the gift of the Society of Maccabeans, and is normally awarded annually 
The next award will be made early in 1957 to the chemist who, being a British subject and 
under 30 years of age at December 31st, 1956, shows the most promise, as indicated by his 
or her published chemical work brought to the notice of the Council of the Royal Institute 
of Chemistry before December 31st, 1956. 

No restrictions are placed upon the kind of chemical work or the place in which it is 
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conducted. The merits of the work may be brought to the notice of the Council, either by 
persons who desire to recommend the candidate or by the candidate himself, by letter 
addressed to The President, The Royal Institute of Chemistry, 30 Russell Square, London, 
W.C.1, the envelope being marked “ Meldola Medal.”’ 

lhe letter should be accompanied by six copies of a short statement on the candidate's 
career (date of birth, education and experience, degrees and other qualifications, special 
awards, etc., with dates) and of a list of titles, with references, of papers or other works 
published by the candidate, independently or jointly. Candidates are also advised to 
forward one reprint of each published paper of which copies are available. 


LIST OF APPLICATIONS FOR FELLOWSHIP 


Kellows wishing to lodge objections to the election of these candidates should communicate with the 
Honorary Secretaries within ten days of the date of publication of the Journal! for October, 1956. Such 
oljections will be treated as confidential. The forms of application are available in the Library.) 


Balon, Anthony Derek John, 8.Vharm. (Lond.). British. 30, Sherwood Road, London, N.W.4. Ke 
search Student. Signed by: A. F. Casy, A. H. Beckett. 

Batres, Enrique. Mexican. Syntex, S.A., Apdo. Postal 2679, Mexico, D.F., Mexico. Research 
Chemist. Signed by; O. Mancera, F. A. Kincl. 

Beanland, Eric, .5c. (Lond.), British. 11, Chequers Lane, Walton-on-the-Hill, Tadworth, Surrey 
Kesearch Chemist, Signed by: A. G, Lidstone, A. J. Lindsey. 

Berkoff, Charies Edward, 13.Sc. (Lond.). British. 10, British Street, Bow, London, E.3. Research 
lellow at Imperial College of Science & Technology. Signed by: H. T. Young, A. G. Cooper 

Brown, Barry Tebbutt, M.Sc. (Sydney). Australian. 200, Pacific Highway, Lindfield, N.S.W., Aus 
tralia, University Lecturer. Signed by: T. RK. Watson, S. E. Wright 

Cossey, Hugh Douglas, B.Sc. (Lond.), British. 19, Top Park, Beckenham, Kent. Research Student 
Signed by: C. M, Atkinson, D. R. Goddard. 

Coweil, David Brian, B. Pharm. and Ph.D. (Lond.), A.R.LC. British. 10, Upton Villas, Upton Road, 
Bexleyheath, Kent, Lecturer at Chelsea Polytechnic. Signed by: A. ¥. Casy, A. H. Beckett 

Di Giorgio, Joseph Brun, 8.1. (The Johns Hopki.. Univ.). American. Department of Chemistry, 
The Johns Hopkins University, Baltimore 18, Maryland, U.S.A, Student. Signed by: A. Nickon, 
lr. |. MeGuire ; 

Groocock, John Michael, 8.Sc. and Ph.D. (Lond.), D.LC., A.R.C.S. British. 3, Dale Court, Homiesdal 
Koad, Bromley, Kent. Senior Scientific Officer with the Ministry of Supply. Signed by: P. J. 
Griffiths, Ff. C, Tompkins. 

Grout, Raymond John, B.Pharm. (Notts.). British. 178, Cinderhill Road, Bulwell, Nottingham 
\ssistant Lecturer at Nottingham University. Signed by: T. J. King, F. C. Cooper. 

Hall, Charles Dennis, 1}.Sc. (Lond.), British. 191, Charlestown Road, Blackley, Manchester, 9. Ke- 
search Student at London University. Signed by; A. C, Farthing, R. G. A. New, 

Maddern, Joseph Thomas. Hritish. 17, Rectory Road, Stanley Green, Poole, Dorset. Power Station 
Chemist with Central Electricity Authority. Signed by; T. F. McCombie, G. D, Muir 

Morcom, Kenneth Wintle, B.Sc. (Keading). British. Coppid House, Rectory Road, Wokingham, 
Kerks. Kesearch Student at Reading University. Signed by: M. C. McGlashan, K. W. Allen 

Nishiwaki, Taro, 13.S5c. (Tokyo). Japanese. c/o Tokaryo, 5981 Banchi, 4-Chome, Kamiitabashi, 
Itabashi-ku, Tokyo, Japan. Postgraduate Student at Tokyo Universjty. Signed by: S, Yoshida, 
: lanaka 

Robinson, Arthur Graham. Hritish. 21, Finchley Grove, Moston, Manchester, 10. Assistant Technical 
Manager, Signed by; E. A. Duligal, B. S. Jackson. 

Seyferth, Dietmar, 6.A. (Buffalo), M.A, and Ph.D, (Harvard). American. Department of Chemistry, 
Harvard University, 12, Oxford Street, Cambridge 38, Massachusetts, U.S.A. Research Fellow 
Signed by: F. G. A. Stone, L. N. Mulay 

Smith, Audrey Taylor, B.Sc. (Lond.), A.R.C.S. British. 77, Wintworth Road, Banstead, Surrey 
Postgraduate Research Fellow at St. Mary's Hospital Medical School, W.2. Signed by: A. Neu 
berger, J. J. Seott. 

Swift, Douglas, b.Pharm. (Lond.). British. 136, Holland Road, London, W.14. Research Student 
Signed by: A. H, Beckett, J. Walker 

Taylor, James Welch, 13.A. (Vanderbilt), American. 1790, Brooks Road, Memphis, Tennessee, U.S.A 
Graduate Student at Georgia Institute of Technology. Signed by: E. Grovenstein, jun., J. Hine 

Theobald, David William. Iritish. The School House, Sandford-on-Thames, Oxford. Student at 
Oxtord University. Signed by; J.C. Smith, M. L. Tomlinson. 

Vaidyanathan, Chelakara Sivarama, M.Sc. and Ph.D. (Madras). Indian. Department of Botany, 
University College, Singleton Park, Swansea. Senior Research Fellow. Signed by: C. W. Shoppee, 
kk. EK, Ayling 

Wagner, Peter Frederick, B.Sc. (Lond.). British. 2, Fordwich Road, Welwyn Garden City, Herts 
Assistant Analyst with Smith & Nephew Research Ltd., Ware. Signed by: F. J. Macrae, K. A 
Kerridge 
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PAPERS ACCEPTED 


(List of Papers accepted between August 28th and September 17th, 1956, 
for publication in the Journal.) 


‘ Adsorption from binary liquid mixtures on activated alumina.”’ By J. J. KrpLing 
and D. B. PEAKALL. 

‘ The infrared absorption spectra of the carbonyl group in methoxyanthraquinones, 
and in the hydrochlorides of a-methoxyanthraquinones.”’ By L. A. Wires and L, C, 
THOMAS. 

“ Oxidation of organic compounds by solid manganese dioxide.’’ By M. Z. BARAKAT, 
M. F. Appet Wanas, and M. M. EL-Sapr. 

“ Observations on ammonium ferric disulphate dodecahydrate (ammonium ferric 
alum) and some of its derivatives.’’ By Henry Bassett. 

‘A polarographic study of copper malonate complexes.” By E. GeLies and G. H. 
NANCOLLAS, 

“ Border-line mechanisms in nucleophilic displacement reactions.” By V. Gop, 

“A new and specific aromatisation reaction. Part II. Some further examples.”’ 
By P. A. Ropins and JAMES WALKER. 

‘The polycondensation of benzyl chloride catalysed by stannic chloride.” By L. 
VALENTINE and R, W. WINTER. 

Kinetics of the decarboxylation of oxaloacetic acid.” By E, GELies, 

‘ Syntheses in the quinazolone series. Part V. Synthesis of 7-oxobenzo|d)|quinazo- 
(3: 2-b)thiazole 5 : 5-dioxide, and of 2-0-sulphamy!pheny!-3H-quinazol-4-one."" By Eprrn 
STEPHEN and HENRY STEPHEN. 

“The preparation of 2-acyl-3-oxo-4 : 5-benzo-1 : 2-thiazoline |: l-dioxides (N-acyl 
saccharins) for the identification of monocarboxylic acids.” By Epira STEPHEN and 
HENRY STEPHEN. 

‘ Phosphorescence and fluorescence of some aromatic nitroamines.”’ Ky R. Foster, 
D. Lt. Hamaick, G. M. Hoop, and A. C. E. SANDERS. 

‘ The denitration of N-methyl-N’-nitroguanidine.”’ By Murier L. Harpy. 

Infrared spectra of natural products. Part VII. The characterization of equatorial 
and axial 3-hydroxyl groups in triterpenoids.’’ By (Miss) I. L. Attsop, A. R. H. Core, 
D. E. Wuire, and R. L. S. WILLIx. 

“ The formation of osazones during attempted Fischer indole syntheses." By D. A. 
KINSLEY and (the late) S. G, P. PLANT. 

“ Organic peroxides. Part VII. The alkylation of hydrogen peroxide and alkyl 
hydroperoxides with ethers.” By ALwyn G. Davies and R. FeLp. 

“ Steroids and Walden inversion. Part XXXV. Solvolysis of cholesteryl toluene- 
p-sulphonate with thiophenoxide ions.” By C. W. Suopreer, H, C. Ricuarps, and G, H. R. 
SUMMERS. 

“Steroids and Walden inversion. Part XXXVI. NN-Dimethylcholest-7-en-3a-yl 
and -36-ylamines.”’ By D. E. Evans and G. H. R. Summers. 

‘ Quassin and neoquassin. Part V.”" By.R. J.S. Beer, B. G. Dutton, D. B, Jaguiss, 
ALEXANDER ROBERTSON, and W. E. SAVIGE. 

‘Experiments on the preparation of indolocarbazoles. Part IX. The preparation 
of 9-methylindolo(2’ : 3’-1 : 2)carbazole.” By R. J. Brunton, F. K. Drayson, (the late) 
5. G. P. PLANT, and Murter L. ToMLinson. 

‘‘ Quantitative microestimation of formaldehyde in the presence of periodate and its 
application to the structural examination of carbohydrate phenylosazones."’ By L. 
HouaGu, D. B. Powe, and B. M. Woops. 

“ Structure and reactivity of the oxy-anions of transition metals. Part II. In- 
vestigations by electron-spin resonance.” By A. Carrinoton, D. J. E. InGram, D 
SCHONLAND, and M., C. R. Symons. 

“ Aryldihydroresorcinols. Part IJ. The influence of the nitro-group in dihydro- 
5-o-nitrostyrylresorcinol.”” By E. E. Aytine and D. A. Davigs. 
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‘ Nucleotides. Part XX XIX 
lographic study.”’ 


‘ Electrophilic substitution. 


and D. S. Uren. 


“ The action of tin and hydrochloric acid on p-dialkylaminobenzaldehydes. 
By Freperick H. C. STEWART. 


The mechanism of the reaction.” 


“ Urinary steroids and related compounds 


androsterone.”’ 


ADDITIONS TO 


Chemical engineering practice, edited by 
H. W. Cremer. Vol. I. General sutter 
worths Scientific Publications, 1956. (Pre 
sented by the Editor.) 


Chemical engineering practice, edited - by 


Butter 
(Pre 


Solid State 
1956 


H.W.Cremer, Vol, II 
worths Scientific Publications, 
sented by the Editor.) 

Organic chemistry, by |. L 
2. Stereochemistry and the 
natural products. Longmans 
1956. (Presented by the Author.) 

Handbuch der analytischen Chemie, edited 
by W. Fresenius and G, Jander Vol. 2 
Qualitative Nachweisverfahren. Part 4al, 
Elemente der Vierten Hauptgruppe, I! 
Germanium; Zinn, edited by H. Haraldsen 
Springer-Verlag. 1956, 

Handbuch der analytischen Chemie, edited 
by W. Fresenius and G. Jander. Vol. 3 
Quantitative Bestimmungs-und Trennungs 
methoden Part 3aB/3b, Elemente det 
dritten Hauptgruppe, II, und der dritten 
Nebengruppe. Gallium, Indium, etc.; edited 
by A. Brukl, etal, 2ndedn. Springer-Verlag 
1956 

Microrecording: industrial 
applications, by C. M. Lewis and W. H. Offen 
hauser, jun, Interscience Publishers, [nc 
1956 

Reports on progress in physics. Vol. 18, 
1955. Physical Society, 1955. 

Reports on progress in physics. Vol. 19 
1956. Physical Society, 1956 

Photosynthesis and related processes, by 
E. I. Rabinowitch. Vol, 2. Part 2. Inter 
science Publishers, Inc 1956 

Chemistry of carbon compounds 


Finar Vol 
chemistry of 
Green & 


and library 


a modern 


5'-Deoxy-5'-iodo-O? : 2’-cyclouridine : an X-ray crystal- 
By D. M. Brown, W. Cocuran, E. H. Mepiin, and S. VARADARAJAN. 
Part VIII 
method of ultraviolet spectrophotometric analysis of mixtures.” 


The nitration of dibenzofuran and a new 
By M. J. S. Dewar 


Part I. 


Part I. 11-Substituted derivatives of 


By W. KLyne and SHEILA RIDLEY. 


THE LIBRARY 


comprehensive treatise, edited by E. H. Rodd 
Vol, 3. Part B Aromatic compounds 
Elsevier Publishing Co. 1956 

The Canadian Petrochemical Industry, by 
Shell Oil Co. of Canada, Ltd., Chemical 
Ryerson Press, 1956. (Presented 
by Shell Petroleum Co., Ltd.) 

Acta Metallurgica 1953, Vol. 1, No. 1 
(New periodical.) Pergamon Press, Inc.,U.S.A 

Boletim do Departamento de Quimica, Uni 
versidade de Sao Paulo. Escola Politécnica 
1955. No.1. (New periodical.) Universidade 
de Sao Paulo. 

Proceedings of the Academy of Sciences of 
the U.S.S.R. Section : Agrochemistry. (Trans 
lation of section of Doklady). 1956, Vol. 106, 
No. lL. (New periodical.) Consultants Bureau, 
Inc., New York 

Proceedings of the Academy of Sciences of 
the U.S.S.R. Section ; Geochemistry. (Trans 
lation of section of Doklady.) 1256, Vol. 106, 
No. 1. (New periodical.) Consultants Bureau, 
Inc., New York 

Revista de la Facultad de Quimica. Uni- 
versidad Nacional Mayor de San Marcos 
1955, Vol. 7, No. 1. Universidad Nacional 
Mayor de San Marcos, ‘‘ Editorial San Marcos,’’ 
Lima, Peru 

Rubber and Plastics Age 1956, Vol. 37, 
No. 8 Rubber and Technical Press, Ltd., 
London. (Presented by the Publishers.) 

Science Reports of the Society for the Research 
of Theoretical Chemistry. Japan. 1955, Vol, 1, 
No. 1. (New periodical.) Society for the 
Research of Theoretical Chemistry, Kinki 
University, Osaka-fu, Japan. (Presented by 
the publishers.) 


Division. 


November, 1956 


PROCEEDINGS 
OF THE 
CHEMICAL SOCIETY 


SCIENTIFIC MEETINGS DURING JANUARY, 1957 
LONDON. 
Thursday, January \7th, 1957, at 7.30 p.m. 
The following papers will be presented : 
“ The Kinetics of the Rearrangement and Oxidation Reactions of Hyd 
azobenzene in Solution.”’ By D. A. Blackadder. 
The Réle of the Solvent, Catalyst, and Co-catalyst in the SnCl,-catalysed 
Polymerisation of Styrene.” By R. O. Colclough. 
“The Decomposition of Lead Tetra-acetate in Acetic Acid.” By L. H. 
Sutcliffe. 


To be held in the Rooms of the Society, Burlington House, W.1. Abstracts of 
the papers may be obtained from the General Secretary. 


BIRMINGHAM. 
Friday, January 18th, 1957, at 4.30 p.m 
Lecture, The Structure and Chemistry of the Living Cell, by Dr. T. S. Work, B.Sc. 
Joint Meeting with Birmingham University Chemical Society to be held in the 
Chemistry Department, The University 
Friday, January 25th, 1957, at 4.30 p.m. 


Lecture, Some Recent Studies in Relation to Biosynthesis, by Professor A. J. Birch, 
D.Phil. Joint Meeting with Birmingham University Chemical Society to be 
held in the Chemistry Department, The University. 


BRISTOL, 
Thursday, January \7th, 1957, at 7 p.m 


Lecture, Some Aspects of Radiation Chemistry, by Professor F. S. Dainton, M.A., 
Ph.D, Joint Meeting with the Royal Institute of Chemistry and the Society 
of Chemical Industry, to be held in the Chemistry Department, The University. 


CAMBRIDGE. 
Monday, January 21st, 1957, at 8.30 p.m 


Lecture, Radjation—Chemical Reactions in Aqueous and Non-aqueous Solutions, 
by Dr. E. Collinson, M.A. To be given in the University Chemical Laboratory, 
Pembroke Street. 


EDINBURGH. 


Thursday, January \Oth, 1957, at 7.30 p.m. 

Lecture, Chocolate Manufacture with Special Reference to Cacao Constituents, 
by Mr. H. B. Brown. Joint Meeting with the Royal Institute of Chemistry, 
the Society of Chemical Industry, and the Food Group of the Society of Chemical 
Industry, to be held at the North British Station Hotel. 


LEEDS 


Monday, January 14th, 1957, at 6.30 p.m. 


Royal Institute of Chemistry Lecture, Problems of Air Pollution, by Mr. G. Nonhebel, 
B.A., B.Se., F.R.LC. To be given in the Chemistry Lecture Theatre, The 
University. (All Fellows are invited.) 


Monday, January 21st, 1957, at 7.0 p.m. 
Society of Chemical Industry Lecture, Fibre Science and Leather Production, by 
Dr. H. Phillips, F.R.I.C. To be given in the Chemistry Lecture Theatre, The 
University. (All Fellows are invited.) 


MANCHESTER 


Wednesday, January 16th, 1957, at 6.30 p.m. 


Lecture, Studies of Knock and Anti-knock by Kinetic Spectroscopy, by Professor 
R. G. W. Norrish, Se.D., Ph.D., F.R.LC., F.R.S. Joint Meeting with the 
Royal Institute of Chemistry and the Society of Chemical Industry, to be held 
in the Chemistry Lecture Theatre, The University. 


NEWCASTLE AND DURHAM 
lriday, January 25th, 1957, at 5.30 p.m. 


Bedson Club Lecture, Polymerisation in Heterogeneous Systems, by Professor 
C. E. H. Bawn, Ph.D., F.R.S. To be given in Chemistry Building, King’s 
College, Newcastle upon Tyne, |. (All Fellows are invited.) 


NORTHERN IRELAND. 


Tuesday, January 28th, 1057, at 7.15 p.m. 


Lecture, Paint Research Electron Microscopy and Related Techniques, by Mr. T. Kk 
Bullett, B.Sc., A.Inst.P. Joint Meeting with the Royal Institute of Chemistry 
and the Society of Chemical Industry, to be held at The Queen’s University, 


Belfast. 


NOTTINGHAM AND LEICESTER. 


Monday, January 21st, 1957, at 4.30 p.m. 


Lecture, Some Recent Developments in Free-radical Chemistry, by Professor D. H. 
Hey, D.Sc., Ph.D., F.R.LC., F.R.S. Joint Meeting with the Chemical Society 
of the University College of Leicester to be held at University College, Leicester 


luesday, January 22nd, 1957, at 4.45 p.m. 


Lecture, Old Metals and New Valencies, by Professor R. S. Nyholm, D.Se., Ph.D., 
F.R.LC, Joint Meeting with Nottingham University Chemical Society to be 
held in the Lecture Theatre, Chemistry Department, The University, 


Nottingham. 


SHEFFIELD. 
lhursday, January \7th, 1957, at 7.30 p.m. 


Lecture, Modern Inorganic Stereochemistry, by Professor R. S. Nyholm, Ph.D., 
D.Sc., F.R.LC. Joint Meeting with Sheffield University Chemical Society 
to be held in the Chemistry Lecture Theatre, The University. 


SOUTHAMPTON, 
Friday, January 18th, 1957, at 5.0 p.m. 


Lecture, Structure Action Relationships of Hypotensive Drugs, by Dr. H. R. Ing, 
F.R.S. Joint Meeting with the University Chemical Society to be held in the 
Chemistry Department, The University. 


OFFICIAL ANNOUNCEMENTS 
DEATHS. 


The Council regrets to announce the deaths of the following Fellows : 


Elected. Died, 
Clarence Pridmore Andrew (Johannesburg) May 6th, 1920 Aug. 26th, 1956. 
Kobert William Kinkead (Lisburn) May 5th, 1921. july 25th, 1956. 
qn Deere Leathes (Oxford) “— 2ist, 1900. Sept. 14th, 1956. 
tichard May (London, W.5) une 15th, 1889. Aug. 23rd, 1955. 
Vallilyil Govindan Nair (Malabar) Dec. Ist, 1910. April, 1956. 
Isaac Stern (London, S.E.11) Sept. 17th, 1942 Aug. Ist, 1956. 


The Council also regrets to announce the death on October 8th of Mr. A. E. Cummins 
former Librarian. An obituary notice will be published. 


ELECTION OF NEW FELLOWS. 
The following 33 candidates were elected to the Fellowship on October 18th, 1956 : 


Khalil Ahmed Ezio Merler. 

Douglas MacDonald Watt Anderson Hanan Meyer 

William Charles Bailey, jun Edward Robert Monks. 
Leslie Oliver Barker. Robert Douglas Hutton Murray 
Raymond Philip Bayer Tatsuo Ohta. 

Robert William Bayer. Morris Pollack. 

Kobert Kk, Becker. William S. Seese 

Hans Rudolph Corrodi Murray Joel Sher. 

Heinrich Eggers. Arthur Walter Slater 
George Edward Gream Thomas McLeod Spotswood 
Eileen Violet Heaps Sheila Ann Taylor 

William Q. Hull Ann Margaret Thomas. 
Robert Alexander Walker Johnstone Leslie M. Werbel 

DeWitt C. Knowles, jun ohn Michael Whitcutt. 
Maria Elisabeth Kreling {lisworth Dow Whitney 
— Clayton Little. Richard Edward Wilde, jun, 
donald Campbell McKean 


CORDAY-MORGAN MEDAL AND PRIZE. 


This award, consisting of a Silver Medal and a monetary Prize of 200 Guineas, is made 
annually to the chemist of either sex and of British Nationality who, in the judgment of the 
Council of the Chemical Seciety, has published, during the year in question, the most 
meritorious contribution to experimental chemistry, and who has not, at the date of publi: 
ation, attained the age of thirty-six years. 

Copies of the rules governing the Award may be obtained irom the General Secretary 
of the Society. Applications or recommendations in respect of the Award for the year 
1955 must be received not later than December 31st, 1956, and applications for the Award 
for 1956 are due before the end of 1957. 


LIBRARY. 


The Library will be closed from | p.m., Saturday, December 22nd, until 10 a.m., Friday, 
December 28th, 1956. 


AMERICAN CHEMICAL SOCIETY PUBLICATIONS 1957. 


The non-member prices of American Chemical Society publications for 1957 are given 
in the Table. The domestic subscription rates given in the table apply to subscribers 
in the United States and Canada only. 

Under a reciprocal agreement Fellows of the Chemical Society may enter subscriptions 
to the journals published by the American Chemical Society at a discount of 10 per cent. 
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from the non-members’ rates: This discount does not apply to Chemical Abstracts, which 
is no longer published as a periodical but is authorised and priced as a service, 
All enquiries should be addressed to The American Chemical Society, 1155 Sixteenth 


Street, N.W., Washington, 6, D.C., 


Title 
Chemical Abstracts Ser- 
vice with Indexes 


Chemical Abstracts Ser- 
vice without Indexes 


Industrial and Engin- 
eering Chemistry 

Chemical and I:ngineer- 
ing News 

Journal of Agricultural 
and Food Chemistry 

Analytical Chemistry 


Journal of the American 
Chemical Society 

The Journal of Physical 
Chemistry 

The Journal of Organic 
Chemistry 


U.S.A. 


Subscription 
classification 

Colleges and Universities * 

(Foreign or Domestic) 
All Others 

(Foreign or Domestic) 
Colleges and Universities * 

(Foreign or Domestic) 
All Others 

(Foreign or Domestic) 
Domestic and Canadian 
Foreign except Canada 
Domestic (ditto) 
Foreign (ditto) 
Domestic (ditto) 
Foreign (ditto) 
Domestic (ditto) 
Foreign (ditto) 
Domestic (ditto) 
Foreign (ditto) 
Domestic (ditto) 
Foreign (ditto) 
Domestic (ditto) 
Foreign (ditto) 


Subscription rates 


l 
year 
$80.00 


350,00 
65.00 
320.00 


5.00 
15.00 
6.00 
15.00 
6.00 
12.00 
5.09 
15.00 
30.00 
30.00 
16.00 
16.00 
25.00 
25.00 


” 
~ 


years 
None 


$8.00 
27.50 
10.00 
27.50 
11.00 
22.00 

9.00 
27.50 
None 


3 
years 
None 


$11.00 
40.00 
14.00 
40.00 
15.00 
30.00 
12.00 
40.00 
None 


Postage extra, 
yearly 


Foreign. 


$3.00 
None 
2.40 


None 


2.70 
3.00 
1.50 
1.50 
3.30 
1.20 


1.50 


Canadian 
$1.00 


None 
O.80 
None 
0.90 


1.00 


0.50 


0.50 
1.10 
0.40 
0.50 


* Teaching institutions are required to sign a certificate that the tea hing or training of students 


is their principal object 
All American Chemical Society journals and services are available to its Members at special prices 
which are available on request. No discount is given on Member subscriptions 


MINUTES OF SCIENTIFIC MEETINGS 
Minutes of a 
SCIENTIFIC MEETING 
held at Burlington House on Thursday, October 18th, 1956, at 7.30 p.m. 
The President, Proressor E. L. Hirst, M.A., D.Sc., F.R.S., was in the Chair. 


MINUTES. 


The Minutes of the Scientific Meetings held at Burlington House on June 7th and at the 
University College of North Staffordshire, Keele, from July 16th to 19th, circulated in 
the Proceedings for July and August, respectively, were taken as read, and were confirmed 
and signed. 


FORMAL ADMISSION OF FELLOWS. 


The following were admitted Fellows of the Society: R. J. W. C Conmnii, T. R. Layzell, 
Douglas W. Russell, J. J. Lawler, S. S. Brown. 


SCIENTIFIC COMMUNICATIONS. 
The following papers were presented : 


‘‘ Hydroaromatic Steroid Hormones. Part V. Some p-Homo-18 : 19-bisnorsteroids.” 
By A. J. Birch and Herchel Smith. 
‘The Reduction of Diphosphopyridine Nucleotide and Some Model Compounds by 


means of X-Rays.’’ By G. Stein and A. J. Swallow. 
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 By-ways of Synthesis of Cortisone from Hecogenin. Part I. 9-Dehydrohecogenin 
as Intermediate in the Preparation of 11-Oxygenated Compounds (11-Oxotigogenin and 
36-Acetoxy-ba-pregnan-17a-ol-11 : 20-dione). Part II. A Route to 11-Oxygenated Com 
pounds through 11-Bromo-5a-pregnane-38 : 206-diol-12-one Diacetate.”” By R. K. Callow 
and V. H. T. James 


Minutes of a 
SCIENTIFIC MEETING 


held in the College of Technology, Manchester, on Friday, 
October 19th, 1956, at 6.30 p.m. 


The President, Prorgssor E. L. Hirst, M.A., D.Se., F.R.S., was in the Chair. 


Professor H. N. Rydon welcomed the Society to the College of Technology, Manchester, 
and the President replied. 


FORMAL ADMISSION OF FELLOWS. 


The following were admitted Fellows of the Society : G. D. Meakins, H. L. Roberts, 
W. W. Jones. 


LECTURE. 


The President called upon Dr. S. C. Abrahams to deliver a lecture entitled “ Recent 
Studies in the Stereochemistry of Sub-group VIB.” At the conclusion of the Lecture a vote 
of thanks to Dr. Abrahams, proposed by Dr. F. Fairbrother, was carried with acclamation. 


LIST OF APPLICATIONS FOR FELLOWSHIP 


( Fellows wishing to lodge objection to the election of these candidates should communicate with the Honorary 
Secretaries within ten days of the date of publication of the Journal for November, 1956. Such objections 
will be treated as confidential. The forms of application are available in the Library.) 


Alderson, Geoffrey Winton, 8.A.(Cantab.). British. Gonville and Caius College,Cambridge. Research 
Student Signed by; G. W. Kenner, V. M. Clark 

Ardon, Michael, M.Sc. (jerusalem). Israeli. Batei Biberman, Block II, Jerusalem, Israel. Senior 
Assistant at The Hebrew University, Jerusalem. Signed by: E. A. Halevi, H. J. G. Hayman. 

Asolkar, Gopal Vishvanath, M.Sc. and Ph.D. (Nagpur). Indian. University Chemical Laboratory, 
Lensfield Road, Cambridge. Research Student. Signed by: H J. Emeléus, R. N. Haszeldine 

Ashworth, John, M.Sc.Tech. (Manc.), A.M.T.C. British. 29, Malvern Avenue, Preston. Head of 
lextiles Department, Harris Institute Technical College, Preston. Signed by: L. A. Whalley, 
H. Brown 

Baker, James Albert, 8.Sc. and Ph.D. (Lond.), A.R.LC. British. 92, Farm Hill, Woodingdean, 
Brighton 7. Senior Lecturer in Pharmaceutical Chemistry. Signed by: A. R. Rogers, J. S. Coe 

Bean, Peter John, I} Sc. (Bris.). British. 650, Catherine Street, Salisbury, Wilts. Student at Bristol 
University Signed by: A.C. M. Finch, P. Woodward 

Behr, Omri Marc Nathan, B.A. (Oxon.). British. 2, Telegraph Hill, Platts Lane, London, N.W.3. 
Research Student Signed by: RK. E. Richards, T. G. Halsall 

Betts, Brian Ernest, B.Sc. (Lond.). British. St. Edmunds, Cruthavon Rise, Witham, Essex. Re- 
search Student. Signed by: G. R. Ames, W. Davey. 

Blackburn, George Michael, B.A. (Cantab.). British. Chemistry Department, The University, Notting- 
ham Post-graduate Student Signed by: RK. J. Martin, G. Read 

Burrell, John William Kidman, B3.Sc. (Lond.), A.K.C.S. British. 164, Widmore Road, Bromley, 
Kent. Research Student at Imperial College. Signed by: L. Crombie, J. A. Elvidge. 

Chapman, Frederick Brian, B.Sc. (Lond.), A.R.C.S. British. Standeven House, Broomfield Avenue, 
Halifax Postgraduate Research at Imperial College. Signed by: J. A. Elvidge, P. W. G. Smith 

Coleman, Lester Earl, jun., B.S. (Akron), M.S. and Ph.D. (Ilinois). American. 4217, Brenau Avenue, 
Apt. 3, Dayton 9, Ohio, U.S.A. Project Engineer and Research Chemist, U.S. Air Force. Signed 
by. H. Rosenberg, J. F. O’Brien 

Corran, John Anthony, 8.Sc. (Liv.), A.R.LC. British. 13, Boundary Drive, Hunts Cross, Wooiton, 
Liverpool. Research Student at Liverpoo! University, Signed by: A. Mee, D. A. H. Taylor. 
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Crimmin, William Robert Charlies, B.Sc. and Ph.D. (Wales), A-R.LC. British. Lister Institute of 
Preventive Medicine, Chelsea Bridge Road, London, S.W.1 Research Assistant Signed by 
G. M. Gray, S. A. Warsi. 

Culling, Gerald Charles. British. 24, Aintree Crescent, Barkingside, Ilford, Essex Student. Stgned 
by: J. P. Jones, T. J. Barnes 

Davies, David Rowland. British. 33, Brook Street, Luton, Beds Student at Queen Mary College 
Signed by: K. W. Sykes, T. R. Layzell. 

Despic, Alexander, Ph.D. (Lond.), D.I.C. Yugoslav. Carla Caplina 38, Beograd, Yugoslavia. Uni- 
versity Assistant. Signed by: G. J. Hills, J. A. Kitchener k 

Dinwoodie, Andrew Harper, B.A. (Cantab.). British. 32, Swinburne Street, Derby. Research Student 
Signed by: R. N. Haszeldine, D. W. A. Sharp 

Dunstan, Francis Elliott. British, The Union, Edgbaston Park Road, Birmingham, 15. Student 
at Birmingham University. Signed by: J.C. Tatlow, J. Sheridan 

Feltham, Robert Dean, B.S. (New Mexico). American. 926, Gill Court, Albany 6, California, U.S.A 
Student at California Univ rcsity, Signed by: M. Calvin, M. Look 

Fischer, Albert Karl, M.A. (Harvard). American. Perkins Hall, Room 47, Harvard University, 
Cambridge 38, Massachusetts, U.S.A. Graduate Student Signed by: H. D. Kaesz, F. G. A 
Stone 

Gardner, Joan Dorothea. British. 55, Links Road, Tooting, London, S.W.17. Secretary and Research 
Assistant in Printing and Paper Technology. Signed by: L. G. Luker, D. M. Freeland. 

Godin, Peter John, B.Sc. (Lond.), A.R.C.S. British. 53, Colbourne Way, Worcester Park, Surrey. 
Research Student at Imperial College. Signed by: L. Crombie, J. A. Elvidge. 

Goodgame, David Martin Lawrence. British. Great Hil! Plantation, Wigginton, Nr. Tring, Herts 
Student. Signed by: R. E. Richards, D. E. Hayler 

Hamied, Yusuf K. Indian. Christ's College, Cambridge. Student. Signed by: R. N. Haszeldine, 
P. Maitland 

Hardegger, Emil. Swiss. Lufingen (ZH), Zwitzerland. Professor of Organic Chemistry. Signed by 
B. G. Engel, L. Ruzicka. 

Harris, Adelaide, M.Sc. (Liv.), A.R.LC. British. 23, Archerfield Road, Liverpool, 18. Demonstrator 
at Liverpool University. Signed by: W. B. Whalley, A. McGookin 

Huitric, Alain C., Ph.D. (California). American. College of Pharmacy, University of Washington, 
Seattle 5, Washington, U.S.A. Assistant Professor. Signed by: H. J. Dauben, A. G. Anderson 

Kennedy, Thomas, B.Sc. (Glas.). British. 58, Dunchurch Road, Oldhall, Paisley, Kenfrewshire. 
University Demonstrator. Signed by; D.S. Payne, J]. Bell 

Kettle, Sidney Francis Alan, B.Sc. (Leeds). British. The University Chemical Laboratories, Lensfield 
Road, Cambridge. Research Student. Signed by: K. N. Haszeldine, J. D. Smith 

Lightman, Paul. British. 66, Finchley Court, Ballards Lane, Finchley, London, N.3. Student 
Signed by: W. J. Hickinbottom, K. W. Sykes 

Lubienski, Andrzaj Maria, B.Sc. (Lond.). Polish. 10, Auriol Mansions, London, W.14. Kesearch 
Student at Acton Technical College. Signed by: VP. H. Gore, S. C. Bevan 

Massey, Alan Gibbs. British. 33, Ripon Road, Ansdell, Lytham-St. Annes, Lancs. Student at 
Liverpool University. Signed by: A. K. Holliday, A. Hickling 

Morison, Elizabeth Ann, B.A. (Oxon). British. 57, Evelyn Gardens, London, S.W.7. Chemist with 
J. Lyons & Co,, Ltd. Signed by: H. W. Thompson, M. L, Tomlinson 

McCaffery, Edward Lawrence, B.S. (St. Johns Univ.), M.S. and Ph.D. (Maryland). American, 3600, 
Grays Ferry Avenue, Philadelphia, Pennsylvania, U.S.A Kesearch Chemist with E.!. du Pont Co 
Signed by: J. RK. Chalmers, J. Blake. 

McCauley, Charles Edward, A.l3. and M.S. (Georgetown), M.S. and Ph.D. (New York). American, 
Chemistry Department, St. Peter’s College, 2641, Hudson Boulevard, Jersey City 6, N.J., U.S.A. 
Associate Professor, Signed by: \. P. Wolf, N. Sutin 

McIver, Edward James. British. Waverley, Cheviot View, Ponteland, Newcastle upon Tyne, Student 
at Durham University. Signed by; K.H. Jack, F. J. MeQuillin 

Nixon, Joseph Robert, B.Pharm. (Lond.). British. 10, Narborough Street, London, S.W.6. Research 
Student at Chelsea Polytechnic. Signed by: B. A. Mulley, A. H. Beckett 

Osborne, Edgar Howard, B.Sc. (Liv.). British. 7, Kenwardly Road, Willerby, Hull. Research 
Student at Hull University. Signed by: K. Clarke, G. W. Gray 

Osborne, Graham Oliver, B.Sc. and Ph.D. (Wales), A. 1 British. Department of Organic Chemistry, 
Kings College, Newcastle upon Tyne. Research Assistant. Signed by: J. Baddiley, J. G 
Buchanan 

Pauling, Peter Jeffress, B.Sc. (C.1.T.). American. 21, Albemarle Street, London, W.1. Student 
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W, Gerrarp, and M, F. Laprert. 
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tion spectra of some benzoquinolines and of their complexes with bromine in solution.”’ 
By W. Stoucnu and A. R. UBBELOHDE. 

‘ Fading and tendering activity in anthraquinonoid vat dyes. Part II. Fluorescence, 
absorption spectra, and stability to light of dyed films.’’ By J. J. Moran and H. I 
STONEHILL. 

“ Fading and tendering activity in anthraquinonoid vat dyes. Part III, Free- 
radical production and probable reaction mechanisms." By J. J. Moran and H. I 
STONEHILL. 
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eneimino- and 2-chloroethylamino-derivatives.”” By L. Varecua, L. Toipy, O. Ferner, 
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‘ Organosilicon compounds. Part XVIII. The interaction of (aryldimethylsilyl) 
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“ Dynamic contact angles. Part 1. Changes in air-solution-solid contact angles with 
time.” By T. A. Ettiort and L. Leese. 
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“The formation of carbonium ions by the action of metal salts. Part III. The 
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Electron-donor and -acceptor complexes with aromatic systems. Part IV. An 
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W. SLouGu and A. R. UBBELOHDE. 

“Chemistry of micrococcin P. Part | By P. Brookes, A. T. Futter, and James 
WALKER, 
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‘’ Mesomorphism and chemical constitution. Part VIII. The effect of 3’-substituents 
on the mesomorphism of the 4’-n-alkoxydiphenyl-4-carboxylic acids and their alkyl esters.’ 
sy G. W. Gray, Brynmor Jones, and F. Marson. ; 

‘ The parallelism of the acidity functions H, and H,.’’ By T. G. Bonner and J. ©. 
LOCKHART. 

' Steric effects in the oxidation of hexitols with periodate.’ By J. C. P. ScHwarz. 

‘ The constituents of high-boiling petroleum distillates. Part IV. Some polycyclic 
aromatic hydrocarbons in a Kuwait oil.””. By W. Carrutuers and A. G. DouGLas. 

An antibiotic similar to xanthomycin A."" By D. K. DouGALt. 

“ The degradation of xylobiose and xylotriose by alkali.’’ By G. O. ASPINALL, (MIss) 
Mary E. Carter, and (in part) M. Los. 

Conjugated macrocycles. Part XXVIII. Adducts from di-iminoisoindoline and 
arylere-m-diamines, and a new type of cross-conjugated macrocycle with three-quarters 
of the cnromophore of phthalocyanine.”’ By J. A. ELvince and J, H. GoLpEN. 

Heterocyclic imines and amines. Part VIII. Identification of ‘ o-cyanothiobenz- 
amide "’ a8 1-imino-3-thiotsoindoline, and its conversion with amines into macrocycles and 
intermediates."” By M. E. Bacuiey and J. A. ELvipce. - 

‘ Structural aspects of the hydrolysis of titanium alkoxides.’ By D. C. Brap ey, R. 
Gaze, and W. WARDLAW. 

‘ Studies of trifluoroacetic acid. - Part XIII. Cryoscopic measurements on trifluoro- 
acetic anhydride-acetic acid systems.”” By E. J. Bourne, J. C. TatLow, and R. WorRALL. 

“ The chemistry of the ‘ insoluble red’ woods, Part VII. The synthesis of cou- 
marino(3’ : 4’-3 ; 2)coumarones.” By W. J. BowyEer, ALEXANDER ROBERTSON, and 
W. B. WHALLEY. 

“ Lipids. Part IV. Synthesis of branched-chain fatty acids.” By L. Crombie, 
M. Manzoor-1-Kuupa, and R. J. D. Smrru. 

“ Lipids. Part V. Total synthesis of ximenynic acid, homoricinstearolic acid, and two 
fatty hydroxy-acids with allenic side-branches,"’ By L. Crompre and A. G. JACKLIN. 

Lipids. Part VI. Total synthesis of a- and $-elaostearic and punicic (trichosanic) 
acid.” By L, Crompie and A. G. JACKLIN. 

The Ehrlich-Sachs reaction."" By F. BEL. 

“Germanium esters. Part I. Parachors and molecular structure.” By D. C. 
BRADLEY, L. J. Kay, and W. WarpLaw. 

‘ The synthesis of indenoquinolines,”” By Nei. Camppect and Artaur F. Tempe. 

Kinetics of the reaction between ethyl iodomalonate and iodide ions.” By R. P. 
Beir and P. ENGEL. 

Derivatives of 2 : 4-dioxo-3-phenylacetamidobutanoic acid.’ By J. W. CoRNForTH 
and (Mrs.) R. H. CornFortu, 

“ Thermodynamics of ion association. Part III. Some thallous-ion pairs with 
univalent anions.”’ By V.S. K. Narr and G. H. NANCOLLAS. 

The reactions of acridine and 5-phenylacridine with benzyl radicals.” By W. A 
Waters and D. H, Watson, 

‘Quinoxaline derivatives. Part III. Cyclisation of 3 : 4-dihydro-3-oxoquinoxaline 
2-carboxyureides to 1: 2: 3: 4-tetrahydro-3-oxoquinoxaline-2-sfiro-5’-hydantoins.”” By 
J. W. CLark-Lewis. 

‘* Quinoxaline derivatives. Part 1V. Dihydro-oxo-1 : 4: 5-triazanaphthalenecarboxy- 
ureides and related spirohydantoins.”” By J. W. CLAkK-Lewis and M. J. THoMpson. 

‘Quinoxaline derivatives. Part V. Decomposition of 3 : 4-dihydro-4-methyl-3-oxo- 
quinoxaline-2-carboxymethylanilide l-oxide with sulphuric acid.” By J. W. CLark 
Lewis 

Methylation of 3-aminopyridines and preparation of 2-amino-3-methylaminopyridine 
and 2; 3-ciaminopyridine.”” By J. W. CLark-Lewis and M. |. THompson. 

‘Carcinogenic nitrogen compounds. Part XXI. New alkyl homologues of phen- 
anthridine, benzacridines, and related nuclei.’’ By Nc. Pua. Buu-Hol, P. JACQuIGNON, 
and C. T. Lona. 

‘‘ Conductimetric studies in ketonic solvents.”” By 5. R. C. HuGues 
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‘ The basis of the selectivity of dimethylglyoxime as a reagent in gravimetric analysis.” 
By A. G. SHarpe and D. B. WAKEFIELD. 

‘ The action of hydrogen chloride on the nickel and palladium derivatives of dimethyl- 
glyoxime.” By A. G. SHarpe and D. B. WAKEFIELD. 

‘Reactions in boron trichloride-cyclic ether systems.’’ By J. D. EpwArps, W 
GERRARD, and M. F. LAprEert. 

‘ Researches on polyenes. Part V. The synthesis of cortisalin.”” By D, MARSHALL 
and M. C. WHITING. 

“ New synthesis of 2 : 3-dihydro-l-oxopentindole.”” By K. F. JENNINGS, 

‘ Organosilicon compounds. Part XX. Trimethyl-p-nitrophenylsilane.” By F. B, 
Deans and C. EABorN. 

‘‘ The bromination of 8-methoxyquinaldine.”” By H. Irvine and A. R. PINNINGTON. 

“Some bromine-substituted derivatives of 8-hydroxyquinoline.”” By H. Irvinc 
and A. R. PINNINGTON. 

‘The organic chemistry of phosphorus. Part IV. The thermal decomposition of 
tetra-aryloxyphosphorus monohalides ; a new method for the preparation of aryl halides.” 
By D. G. Cog, H. N. Rypon, and B. L. Tonce. 

‘‘ Carbohydrates of the seeds of the rubber tree, Hevea brasiliensis."" By D. M. W. 
ANDERSON, C, T. GREENWOOD, and J. S. M. RoBERTSON. 

‘ Studies of the coal-tar bases. Part VI. A new synthesis of 3: 5-lutidine.”” By 
E. A. CouLson and J. B. Ditcuam. 

‘ 3-Hydroxyphenylpyruvic acid.” By R. M. AcnEson. 

“ Alkyl bisdialkylaminoboronites and related compounds.” By W. Gerrarp, M. F. 
Lappert, and C, A, PEARCE. 

“Solvent extraction studies with polonium.’’ By K. W. BacGnatt and D. 5, 
ROBERTSON. 

“The cyclisation of 1: 8-di- and 1:4: 5: 8-tetra-(a-anthraquinonylamino)anthra- 
quinone to derivatives of carbazole.””. By WILLIAM Brap.ey and P. N. PAnprt. 

“ Equivalence changes in oxidation-reduction reactions in solution; some aspects 
of the oxidation of sulphurous acid.” By W. C. E. Hiccinson and J. W. MARSHALL 

‘ Thionaphthen 1 ; 1-dioxide as a dienophil.”" By W. Davies and Q. N. Porter. 

‘ Autoxidation of polyphenols. Part I. Autoxidation of methyl gallate and its 
O-methyl ethers in aqueous ammonia.”” By D. E. Haruway. 

‘‘ The constitution of apogalanthamine.”’ By Suiceru Kospayasui and Suojiro Uyeo. 

‘ Tritium-labelled 2-methyl-1 : 4-naphthaquinone and confirmation of the structure 
of its adduct with sodium hydrogen sulphite.’’ By D. H. MArRIAN, 

‘ The action of nitrosyl chloride on certain silicates.’ By I. KR. Beattie, 

‘ The degradation of carbohydrates by alkali. Part XIV. 3: 6-Anhydro-p-glucose,”’ 
By W. M. Corpett and J. KENNER. 

‘ The effect of solvent on a simple ion-dipole reaction. Part 2. The rate of the methyl 
iodide—iodide ion exchange in five different solvents.’ By E. R. Swart and L. J. Le 
Roux. 

“ Extension of the Diels-Alder reaction to monocyclic benzenes: Addition of maleic 
anhydride to quinol.”” By R. C, Cookson antl N.S. WARIYAR. 

“ Studies in relation to biosynthesis. Part IX. The structure of spherophysine.”’ 
By A. J. Biren, D. G. Pettit, and R. Scrorrep. 

“ Studies in relation to biosynthesis. Part X. A synthesis of lumichrome from 
non-benzenoid precursors."” By A. J. Bircn and C. J. Move. 

“ Addition compounds of gallium trichloride. Part II. Gallium trichloride-phos 
phorus oxychloride.” By N. N. GReEENwoop and K. Wave. 

“An investigation of the Gibbs reaction and its bearing on the constitution of 
jacareubin.” By F. E. Krye, T. J. Kine, and L. C. MANNING. 

“ Synthesis of (+-)-ophiocarpine.” By T. R. Govinpacnari and S. RAJApuRA! 

“Chemical investigation of Wedelia calendulacea. Part I]. The position of the 
methoxyl group in wedelolactone."” By T. R. Govinpacnart, K. NAGARAJAN, B. R. Pat, 
and P. C. PARTHASARATHY. 
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‘ Adsorption from binary liquid mixtures on silicic acid gel 


MILI 


and G.$ 


‘ Hydrolysis of amides and related compounds. 
2. §-dione, and gelatin in concentrated hydrochloric acid.” 


MEACOCK 


The rearrangement of furfuryl alcohol to methyl lavulate.”’ 
“ The addition of ethyl diazoacetate to sorbic esters 


Part I.” By D.C. Jones 
Part II. Acetylglycine, piperazine- 
3y J. T. Epwarp and §.C. R 


By K. G. Lewis. 
By MARTIN G 


a correction.” 


E11 LinGeR, S. H. HARPER, and FLynt KENNEDY. ~ 
“The preparation of 9%: 10-di-(4-carboxybutyl)anthracene and related reactions.”’ 


sy K. JASPER CLARK. 


Chemical examination of Wedelia calendulacea. 


wedelolactone.”’ 
‘ Some degradation studies of carpaine.”’ 
and S. RAJADURAI. 


‘ Synthesis of ethyl carpyrinate.’’ By T. 


S. RAJADURAI. 


‘Structure and reactivity of the oxvanions of transition metals. 
relations between electronic spectra and structure.”’ 


and M. C. R. Symons 
The quinquevalent fluororhenates.” 


ADDITIONS TO 


Training of literature chemists ; papers pre- 
vented before the Division of Chemical Educa 
tion and the Division of Chemical Literature 
at the 127th national meeting of the American 
Chemical Society, Cincinnati, 1955 (Ad 
vances in Chemistry Series, No. 17.) American 
Chemical Society 1956 

A key to pharmaceutical and medicinal 
chemistry literature: papers presented before 
the Divisions of Chemical Literature and 
Medicinal Chemistry at the 124th and 126th 
national meetings of the American Chemical] 
Society, 1953 and 1954. (Advances in Chemis 
Series, No. 16.) American Chemical 


1956 


try 
society 

Medicinal chemistry, edited by F. F. Blicke 
and C. M. Suter. Vol. Il. A series of reviews 
prepared under the auspices of the Division 
of Medicinal Chemistry of the American 
Chemical Society John Wiley & Sons, In 
1056 . 

1055 Kook of ASTM standards including 
tentatives 7 Parts and American 
for Testing Materials 


index 
society 1955-—56 
Volyesters and their applications, by Bjork 
Laboratories, Inc., J. Bjork 
ten, H. Tovey, B. Harker, and J. Henning 
Reinhold Publ. Corp. 1956 
Transport processes in applied chemistry 

the flow of physical properties in chemical 
reactors, by R. C. L. Bosworth. Sir Isaa 
Pitman and Sons, Ltd. 1956. (i resented by 


the Publishers.) 


sten Research 


Part III. Synthesis of tri-O-methy]- 


By T. R. Govinpacnari, K, NAGARAJAN, and P. C, PARTHASARATHY. 
By T. R. Govinpacuari, N.S. NARASIMHAN, 


R. GOVINDACHARI, N. S. NARASIMHAN, apd 


Part IV. Some 
By A. CarrinGctTon, D. SCHONLAND, 


By R. D. Peacock 


THE LIBRARY 


Flow of gases through porous media, by 
i * Butterworths Scientific Pub 
lications 

Valency and molecular structure, by E 
Cartmell and G. W. A. Fowles. Butterworth 
Scientific Publications. 1956. 

rhe chemistry and mode of action of piant 
growth substances; proceedings of a sym 
posium held at Wye College, 1955; edited by 
Rk. L. Wain and F. Wightman. Butterworths 
Scientific Publications. 1956. 

Cumming and Kay, quantitative chemical 
analysis, edited by Kk. A. Chalmers. 11th edn 
Oliver and Boyd. 1956. (Presented by the 
Publishers.) 

Androgens; biochemistry, physiology, and 
clinical significance, by R. I. Dorfman and 
Kk. A. Shipley. John Wiley & Sons, Ltd 
1056 

Catalysis. Vol. lV. Hydrocarbon synthe 
sis, hydrogenation and cyclization, edited by 
P. H. Emmett. Reinhold Publ. Corp. 1956 

Annual review of physical chemistry, edited 
by H. Eyring, C. J. Christensen, and H. §S 
Johnston. Vol. 7. Annual Reviews, In 
1956, (Presented by the Publishers.) 

Currents in research, 1956, 
edited by D. E Interscience Pub 
lishers, Inc 1956 

Essays in biochemistry written in honor of 
Hans Thacher Clarke, edited by 5S. Graff 
John Wiley & Sons, Inc. 1956 

Chemical safety supervision, by J. Guelich 
Reinhold Publ. Corp, 1956 


Carman 


biochemical 
(Green 
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Principles of fungicidal action, by J. G 
Horsfall. Chronica Botanica Co. 1956. 

Hutchison’s food and the principles of 
revised by V. H. Mottram and 

llth edn. Edward Arnold Ltd 


dietetics ; 
G. Graham 
1956. 

The determination of toxic substances in 
air; a manual of I.C.I. practice, edited by 
N. Strafford, C. R. N. Strouts, and W. V 
Stubbings, and produced by the Analytical 
Chemists’ Committee of !mperial Chemical 
Industries Limited. Heffer. 1956, 

Experimental thermochemistry; measure- 
ment of heats of reaction, edited, by F. D. 
Rossini and prepared under the auspices of 
the International Union of Pure and Applied 
Chemistry by the Subcommission on Experi- 
mental Thermochemistry. Interscience Pub- 
lishers, Inc. 1956. 

Petroleum refining with chemicals, by V. A. 
Kalichevsky and K. A. Kobe. Elsevier. 
1956. 

Feinstruktur-untersuchungen an _ kiinst- 
lichen Zellulosefasern verschiedener herstel- 
lungsverfahren. Teil 2. Der Kristallisations- 
(Forschungsberichte des Wirtschafts- 
Verkehrsministeriums Nordrhein-West- 
falen No. 261.) Westdeutscher Verlag. 
1956. (Presented by the Publishers.) 

Tables of physical and chemical constants 
and some mathematical functions, originally 
compiled by G, W. C. Kaye and T. H. Laby 
Now prepared under the direction of an 
editorial committee, with Professor N. Feather 
as chairman. Ilth edn. Longmans, Green 
and Co. 1956 

Thermochemical data of alloys, by O 
Kubaschewski and J. A. Catterall. Perga- 
mon Press. 1956. 

The chemistry of cement and concrete, by 
F. M. Lea. 2nd edition of Lea and Desch 
Edward Arnold Ltd. 1956. 

Combustion processes, edited by B. Lewis, 
R. N. Pease, and H. S. Taylor. (High Speed 
Aerodynamics and Jet Propulsion. Volume 
II.) Oxford Univ. Press. 1956. 

The chemistry of phenolic resins; the 
formation, structure, and reactions of phenolic 
resins and related products, by R. W. Martin 
John Wiley & Sons, Inc. 1956. 

lon exchange technology, edited by F. C 
Nachod and J. Schubert. Academic Press 
Inc. 1956. 


zustand 
und 


The agricultural value of phosphate fertil 
isers which economise in the use of sulphuri 
acid; report on a study, by Dr. G. W. Cooke 
Project No. 162. Organisation for European 
Economic Co-operation. European Produc 
tivity Agency. 1956 (Presented by the 
Publishers.) 

Nouveau traité de chimie minérale; edited 
by Paul Pascal. Vol. X. Azote-Phosphore, 
by R. Dubrisay and P. Pascal. Masson et 
Cie. 1956. (Presented by the Publishers.) 

Polyethylene, by R. A. V. Raff and J. B 
Allinson. (High Polymers. Vol. XI.) Inter- 
science Publishers, Inc. 1956, 

Treatise on inorganic chemistry, by H 
Remy. Translated by J. S. Anderson and 
edited by J. Kleinberg. Volume II, Sub- 
groups of the periodic table and general 
topics. Elsevier, 1956. 

Sodium: its manufacture, properties, and 
uses, by M. Sittig. (American Chemical 
Society Monograph Series, No. 133.) Rein 
hold Publ. Corp. 1956. 

A life of Sir William Ramsay, by M. W. 
Travers. Edward Arnold Ltd. 1956. 

Mass-transfer operations, by R. E. 
bal. McGraw-Hill. 1955. 

Chromium, Vol, 1. Chemistry of chrom- 
ium and its compounds, by M. J. Udy 
(American Chemical Society Monograph Series 
No. 132.) Reinhold Publ. Corp, 1956, 

Handbook of toxicology. Vol, I. Acute 
toxicities of solids, liquids and gases to 
laboratory animals, edited by W. 5. Spector. 
Prepared under the direction of the Com 
mittee on the Handbook of Biological Data, 
Division of Biology and Agriculture, The 
National Academy of Sciences, The National 
Research Council. W. B. Saunders. 1956. 

Technique of organic chemistry, edited by 
Arnold Weissberger. Vol. II. Catalytic re 
actions, photochemical reactions, and electro- 
lytic reactions, by V. I. Komarewsky ef al 
2nd edn. Interscience Publishers, Inc 1056 

Proceedings of the Academy of Sciences of 
the U.S.S.R. Section; Chemical Technology. 
(Translation of section of Doklady.) 1956, 
Vol. 106, No. 1. (New periodical.) Consul 
tants Bureau, In 

Proceedings of the Academy of Sciences of 
the U.S.S.R. Section: Chemistry. (Transla 
tion of section of Doklady.) 1956, Vol. 106, 
No. 1. (New periodical.) Consultants Bureau, 
Inc 
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SCIENTIFIC MEETINGS DURING FEBRUARY, 1957 
LONDON, 
Thursday, February \4th, 1957, at 7.30 p.m. 


Pedler Lecture, The Course of Polar Reactions in Non-polar Conditions, by Pro- 
fessor C. K. Ingold, D.Se., F.R.1.C., F.R.S. To be given in the Lecture Theatre, 
The Royal Institution, Albemarle Street, W.1. 


Thursday, February 28th, at 7.30 p.m. 


Lecture, Application of Acidity Functions to the Mechanism of Acid Catalyzed Re- 
actions, by Professor F. A. Long. To be given in the Rooms of the Society, 
Burlington House, W.1. 


ABERDEEN. 
Thursday, February 2\st, 1957, at 7.30 p.m. 


Lecture, The Use of Photography in Scientific Investigations, by Dr. J. F. Padday, 
B.Se., D.L.C. Joint Meeting with the Royal Institute of Chemistry and the 


Society of Chemical Industry, to be held at Marischal College. 


BIRMINGHAM. 
Friday, February 8th, 1957, at 4.30 p.m. 
Lecture, Some Current Problems in Phase Transitions, by Professor A. R. Ubbelohde, 


M.A., D.Se., F.R.S. Joint Meeting with Birmingham University Chemical 
Society to be held in the Chemistry Department, The University. 


BRISTOL. 


Thursday, February 7th, 1957, at 5.15 p.m 
Lecture, From Wallpaper to Crystals, by Mr. F. Coles Phillips, M.A. Joint Meeting 
with the Student Chemical Society to be held in the Chemistry Department, 
The University. 


Thursday, February \4th, at 7 p.m. 
Lecture, Free-radical Chemistry—A Survey, by Professor D. H. Hey, D.Sce., Ph.D., 
F.R.LC., F.R.S. Joint Meeting with the Royal Institute of Chemistry and the 
Society of Chemical Industry, to be held in the Chemistry Department, The 
University. 


Thursday, February 2\st, at 5.15 p.m. 
Lecture, The Chemistry of Actinomycin, by Professor A. W. Johnson, Ph.D., 
A.R.C.S. Joint Meeting with the Student Chemical Society to be held in the 
Chemistry Department, The University. 


Thursday, February 28th, at 5.15 p.m. 


Lecture, Living Molecules, by Professor J. D. Bernal, M.A., F.R.S. Joint Meeting 
with the Student Chemical Society to be held in the Chemistry Department, 


The University. 


CAMBRIDGE, 
I riday, I ebruary \st, 1957, at 8.30 p.m. 


Lecture, The Control of Chemical Reactions in Living Cells, by Professor H. A. Krebs, 
M.A., M.D., F.R.S. Joint Meeting with the University Chemical Society to 
be held in the University Chemical Laboratory, Pembroke Street. 


Monday, February \1th, at 8.30 p.m. 


Lecture, Reactions Kineties in Acidic Media, by Dr. V. Gold, B.Sc. To be given 
in the University Chemical Laboratory, Lensfield "oad. 


lriday, February \bth, at 8.30 p.m, 


Lecture, Some Recent Developments in the Chemistry of Metallic Surfaces, by 
Professor Kk, W. Sykes, B.Sc., M.A., D.Phil. Joint Meeting with the University 
Chemical Society to be held in the University Chemical Laboratory, Pem- 
broke Street. 


Kriday, February 22nd, at 8.30 p.m. 


Lecture, Some Recent Studies in Relation to Biosynthesis, by Professor A. J. Birch, 
D.Sc., D.Phil. Joint Meeting with the University Chemical Society to be held 
in the University Chemical Laboratory, Pembroke Street. 


EDINBURGH. 


Tuesday, February Sth, 1957, at 7.30 p.m. 


Lecture, Nucleotide Structure and Function, by Professor J. Baddiley, 0.Sc., Ph.D. 
Joint Meeting with the Royal Institute of Chemistry, Society of Chemical 
Industry, and Edinburgh University Chemical Society, to be held in the Bio- 
chemistry Lecture Theatre, Teviot Place. 


Thursday, February \Ath, at 7.30 p.m, 


Lecture, Lead Tetraethyl as an Engine Anti-knock, by Professor A. D. Walsh, 
M.A., Ph.D. Joint Meeting with the Royal Institute of Chemistry and the 
Society of Chemical Industry, to be held in the Pharmaceutical Society Rooms, 


York Place. 


EXETER 
Kriday, February 8th, 1957, at 5 p.m. 


Lecture, Some Developments in Inorganic Stereochemistry, by Professor R. S. 
Nyholm, D.Sce., Ph.D., F.R.I.C. To be given at the Washington Singer 
Laboratories, Prince of Wales Road. 


GLASGOW 


Iriday, lebruary 5th, 1957, at 7 p.m. 


Annual General Meeting of Local Fellows followed at 7.15 p.m. by a Meeting for 
the Reading of Original Papers. To be held in Room 24, Royal College of 
Science and Technology. 


HULL. 
Thursday, February 2\st, 1957, at 6 p.m. 


Lecture, Polyesters and their Uses, by Dr. H. Gudgeon, B.Sc., A.R.L.C. 
given in the Organic Lecture Theatre, The University. 


To be 


IRISH REPUBLIC. 
Wednesday, February 6th, 1957, at 7.45 p.m. 
Lecture, Co-eatalysis in Friedel-Crafts Reactions, by Dr. D. C. Pepper, M.A., F.1.C.L., 
M.R.LA. To be given in the Chemistry Department, University College, 
Dublin. 


LEEDS. 
Thursday, February 7th, 1957, at 7 p.m. 
Lecture, Chocolates and Confectionery, by Dr. F. H. Banfield, M.Sc., F.R.LC. 
Joint Meeting with the Royal Institute of Chemistry and the Society of Chemical 
Industry, to be held in the Chemistry Lecture Theatre, The University. 


Monday, February \\th, at 7 p.m. 
Society of Chemical Industry Lecture, Organophosphorus Insecticides, by Dr. B. A. 
Kilby, M.A., Ph.D., F.R.LC. To be given in the Chemistry Lecture Theatre, 
The University. (All Fellows are invited.) 


Monday, February 18th, at 6.30 p.m, 
Royal Institute-of Chemistry Lecture, Silicones and their Industrial Applications, 
by Mr. R. Nattrass, B.Sc. To be given in the Chemistry Lecture Theatre, 
The University. (All Fellows are invited.) 


Monday, February 25th, at 6.30 p.m. 
Lecture, Steric Hindrance and Analytical Chemistry, by Dr. H. M. N. H. Irving, 
M.A., F.R.LC. Joint Meeting with Leeds University Union Chemical Society 
to be held in the Chemistry Lecture Theatre, The University. 


LIVERPOOL. 
Thursday, February \4th, 1957, at 5 p.m. 


Lecture, Metal Derivatives of cycloPentadiene, by l’rofessor G. Wilkinson, Ph.D., 
A.R.C.S,. Joint Meeting with the University Chemical Society to be held in the 
Chemistry Lecture Theatre, The University. 


Wednesday, February 27th, at 5 p.m, 
Official Meeting and Pedler Lecture, The Course of Polar Reactions in Non-polar 
Conditions, by Professor C. K. Ingold, D.Sc., F.R.LC., F.R.S. To be held 
in the Chemistry Lecture Theatre, The University. 


MANCHESTER. 
Friday, February \5th, 1957, at 6.30 p.m. 


Lecture, The Biosynthesis of Cholesterol, by Dr. J. W. Cornforth, M.Sc., F.R.S. 
To be given in the Chemistry Lecture Theatre, The University. 


NEWCASTLE AND DURHAM. 


Monday, February 4th, 1957, at 5.15 p.m. 


Lecture, Electron Diffraction by Gases and its Chemical Application, by Dr. L. E. 
Sutton, F.R.S. Joint Meeting with the Durham Colleges Chemical Society 
to be held in Lecture Room 239, University Science Laboratories, South Road, 
Durham, 


Monday, lebruary \8th, at 5.15 p.m. 


Lecture, The Study of Fast Reactions, by Mr. RK. P. Bell, F.R.S. Joint Meeting 
with the Durham Colleges Chemical Society to be held in Lecture Room 239, 
University Science Laboratories, South Road, Durham. 


I'riday, February 22nd, at 5.30 p.m. 
Official Meeting and Lecture, The Biological Synthesis of Oligosaccharides, by 
Professor M. Stacey, Ph.D., F.R.LC., F.R.S. To be held in the Chemistry 
Building, King’s College, Newcastle upon Tyne. 


NORTHERN IRELAND. 


Thursday, February 2\st, 1957, at 7.15 p.m. 
Lecture, The Study of very Rapid Reactions by the Methods of Flash Photolysis, 
by Professor R. G. W. Norrish, Se.D., F.R.LC., F.R.S. Joint Meeting with the 
Royal Institute of Chemistry and the Society of Chemical Industry, to be held 

at the Queen's University, Belfast. 


NORTH WALES, 


Thursday, February 21st, 1957, at 5.45 p.m. 


Lecture, Some Aspects of the Structural Chemistry of Proteins and Nucleic Acids, 
by Professor H. D. Springall, M.A., D.Phil., F.R.LC, Joint Meeting with the 
University College of North Wales Chemical Society to be held in the Depart- 
ment of Chemistry, University College of North Wales, Bangor. 


NOTTINGHAM AND LEICESTER. 


Monday, February 18th, 1957, at 4.30 p.m, 


Lecture, Metal Atoms as Aromatic Systems, by Dr. J. Chatt, M.A., F.R.LLC. Joint 
Meeting with the Chemical Society of the University College of Leicester to be 
held at University College, Leicester. 


luesday, February \9th, at 4.45 p.m. 


Lecture, Organometallic Co-ordination Compounds, by Professor G. E. Coates, D.Sc. 
Joint Meeting with Nottingham University Chemical Society to be held in the 
(Chemistry Department, The University, Nottingham. 


OXFORD. 


Monday, lebruary 4th, 1957, at 8.15 p.m. 


lecture, Chemical and Physical Properties of Metal-Ammonia Solutions, by Pro- 
fessor A. J. Birch, D.Se., D.Phil. Joint Meeting with Oxford University 
Alembic Club to be held in the Physical Chemistry Laboratory. 


Monday, lebruary 25th, at 8.15 p.m. 


Lecture, Polonium, by Professor W. Fernelius. Joint Meeting with Oxford Uni- 
versity Alembic Club and the Royal Institute of Chemistry, to be held in the 
Physical Chemistry Laboratory. 


ST. ANDREWS AND DUNDEE. 
Tuesday, February 5th, 1957, at 5 p.m. 


Lecture, Some Recent Developments in the Chemistry of Metallic Surfaces, by 
Professor K. W. Sykes, M.A., D.Phil. To be given in the Chemistry Depart- 
ment, Queen's College, Dundee. 


Friday, February 8th, at 5.15 p.m. 


Lecture, Liquid-phase Oxidation of Hydrocarbons, by Dr. G. Twigg. Joint 
Meeting with the University Chemical Society to be held in the Chemistry 
Department, St. Salvator’s College, St. Andrews. 


Iriday, February 15th, at 5.15 p.m. 


Lecture, Reduction by Metal-Ammonia Systems, by Professor A. J. Birch, D.Se., 
D.Phil. Joint Meeting with Royal Institute of Chemistry and the University 
Chemical Society, to be held in the Chemistry Department, St. Salvator’s 
College, St. Andrews, 


Monday, February \8th, at 5 p.m. 


Lecture, The Photochemical Primary Process, by Professor W. A. Noyes. To be 
given in the Chemistry Department, Queen’s College, Dundee. 


SHEFFIELD. 
Thursday, February \4th, 1957, at 7.30 p.m. 
Lecture, Adsorption Hysteresis, by Professor D. H. Everett, M.B.E., M.A., D.Phil. 
Joint Meeting with the University Chemical Society and the Royal Institute 
of Chemistry to be held in the Chemistry Lecture Theatre, The University. 
lhursday, February 28th, at 7.30 p.m. 


Lecture, Reduction by Metal-Ammonia Solutions, by Professor A. J. Birch, D.Se., 
D.Phil. Joint Meeting with the University Chemical Society and the Royal 
Institute of Chemistry, to be held in the Chemistry Lecture Theatre, The 
University. 


SOUTHAMPTON, 
Iriday, February \st, 1957, at 5 p.m. 


Lecture, Nuclear Magnetic Resonance Techniques, by Dr. RK. Richards, M.A. Joint 
Meeting with the University Chemical Society and the Royal Institute of 
Chemistry, to be held in the Chemistry Department, The University. 


SOUTH WALES. 
Monday, February 18th, 1957, at 5.30 p.m. 


Lecture, Recent Advances in Acetylene Chemistry, by Professor RK. A. Raphael, 
D.Se., F.R.LC. To be given in the Chemistry Department, University College, 
Cardiff. 


Tuesday, February 1th, at 6 p.m. 


Lecture, Recent Advances in Acetylene Chemistry, by Professor RK. A, Kaphael, 
D.Se., F.R.LC. Joint Meeting with the University College of Swansea Chemical 
Society to be held in the Chemistry Department, University College, Swansea 


OFFICIAL ANNOUNCEMENTS 


DEATHS. 


The Council regrets to announce the deaths of the following Fellows : 


William Herbert Barraclough (Bristol, 7) 
William Charles Dewey (London, S.W.1) 
David Paton Grubb (Barnsley) 

Siddons Siddons Wilson (Bristol) 


CONGRATULATIONS. 


Died. 
Sept. 20th, 1956. 
Oct. 10th, 1956. 
June 30th, 1956. 
July Ist, 1956. 


Elected. 
16th, 1888. 
july 24th, 1950. 
: Jec. 6th, 1906 
. Feb. 20th, 1913. 


. Feb 


The President has conveyed the congratulations of the Society to Sir Cyril Hinshelwood 
(Past-President) and to Professor Nikolai Semenov (Honorary Fellow) on the joint award 


of the Nobel Prize for Chemistry for 1956. 
Congratulations have also been conveyed to 
Medals announced by the Royal Society : 


the following Fellows on the award of 


Royal Medal. 

Dr. Dorothy M, Hodgkin, 
Davy Medal. 
Professor RK, D, Haworth. 
Rumford Medal, 

Dr. F. P, Bowden. 
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Acknowledgment is made of a gift of the Society's publications from Dr. A. E. Stubbs. 


ELECTION OF NEW FELLOWS. 


9 ¢ 


The following 22 
1056 
Anthony Derek John Balon 
enrique Batres 
Eric Beanland 
Charles Edward Berkoff 
tarry Tebbutt Brown 
Hugh Douglas Cossey 
David Brian Cowell 
Joseph Brun Di Giorgio 
John Michael Groocock 
Kaymond John Grout 
Charles Dennis Hall, 


VACANCIES ON COUNCIL. 


andidates were elected Fellows of the Society on November 15th, 


Joseph Thomas Maddern. 
Kenneth Wintle Morcom. 
Taro Nishiwaki, 

Arthur Graham Robinson, 
Dietmar Seylerth 

Audrey Taylor Smith. 
Douglas Swift 

James Welch Taylor. 
David William Theobald. 
Chelakara Sivarama Vaidyanathan, 
Peter Frederick Wagner. 


In accordance with the Bye-laws, the following vacant places on the Council fall due to 


be filled at the Annual General Meeting to be held 
1057 


Office 

Honorary Secretary 

Vice-Presidents who 
President 


have not filled the Office of 


Elected Ordinary Members of Council : 
Constituency I (South-East England) 


Constituency II (Central and South-West England 
and South Wales) 
onstituency III (North-West 
Wales, and Isle of Man) 

‘onstituency 1V (North-East England) 
onstituency V (Scotland) 

onstituency VI (Ireland) 


England, North 


~~~ 


in Cambridge on Thursday, llth April, 


No. of Names of Members 
Vacancies who ave to retire. 
ONE Dr. L. E. Sutton 
THREE Professor E. R. H. Jones 
Dr. Kk. P. Linstead 
Professor H. W. Melville 
rwo Dr. H. M. N. H. Irving 
Dr. W. Gerrard 
ONE Professor H, D, Springall 
ONE Professor H. N. Rydon 
ONE Dr. C. C. Addison 
ONE Professor J. M. Robertson 
ONE Dr. V. C. Barry 
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With the exception of Dr. W. Gerrard, who was appointed under Bye-law 42, the 
members who are to retire are not eligible for re-election to the same Office until a lapse of 
one year. 

No vacancy arises for the Office of President. 

In accordance with Bye-law 24, the Council has nominated Professor M. J. S. Dewar 
to fill the vacancy in the Office of Honorary Secretary. Nominations by Fellows for the 
Offices of Honorary Secretary and of Vice-Presidents who have not filled the Office of 
President should be made in writing and must be signed by at least twenty Fellows. 

Fellows resident in a constituency may nominate any Fellow resident in that constituency 
for election to the Council to fill a vacancy among Elected Ordinary Members of Council 
allotted to that constituency. Every such nomination must be in writing signed by at 
least fifteen Fellows resident in that constituency. 

Fellows may obtain forms of nominations from the General Secretary and should state 
the vacancy for which they are requested. Every nomination must relate to one vacant 
place only, and must be accompanied by a signed declaration by the nominee that he is 
willing to accept office; if elected. Nominations must be received by the Society not 
later than Thursday, February 14th, 1957. 


MINUTES OF SCIENTIFIC ‘MEETINGS 
Minutes of a 
SCIENTIFIC MEETING 


held in the Chemistry Department, University College, Gower Street, W.C.1, 
on Thursday, November 1st, 1956, at 2.30 p.m. 


The President, Professor E. L. Hirst, M.A., D.Sc., F.R.S., was in the Chair, 


MINUTES. 
The minutes of the Scientific Meetings held at Burlington House and at the College 


of Technology, Manchester, on October 18th and 19th, respectively, were read, and were 
confirmed and signed, 


FORMAL ADMISSION OF FELLOWS. 

The following were admitted Fellows of the Society : Agnes MeM. Anderson, Elizabeth 
J. Williamson, Beryl Rickard, A. C. Jain, M. J. Clancy, Joseph Tinsley, Peter F. Lloyd, 
James R. Turvey, G. L. Mattok, H. Weigel, RK. Nery, B. D. Shepherd, Greville Machell, 
Desmond O'Meara, D. M. W. Anderson, C. A. Lewis, P. G. Ward, George C. Israel. 


SYMPOSIUM. 

The President called upon Dr. G. R. Barker to take the Chair for the afternoon session 
of the Symposium entitled ‘‘ Newer Interpretations of Reactions and Structure in Carbo- 
hydrate Chemistry.” 

The following contributions were made and discussed : 

1. ‘Some Physical Methods used in the Determination of Carbohydrate Struc 
tures,’ by E. J. Bourne (Royal Holloway College, London). : 

2. “ Tosyl Esters and Three-membered Oxide Kings,” by J.C. P. Schwarz (University 
of Edinburgh). 

3. “‘ Conformational Aspects of the Formation and Reactions of Certain Cyclic 
Derivatives of Carbohydrates,” by A. B. Foster (University of Birmingham), 

The meeting then adjourned. 

In the evening the Chair was taken by Professor M. Stacey, Ph.D., D.Sc., F.R.S. 

The following papers were read and discussed : 

1. “ Hydrolysis of Glycosides,’’ by W. G. Overend (Birkbeck College, London), 
2, “ Reactions of Halogeno-sugars,"” by R. U. Lemieux (University of Ottawa). 


144 


At the close of the discussion, the Chairman expressed the thanks of the Society to the 
contributors to the Symposium and to the University College authorities for the use of the 
Lecture Theatre, 


Minutes of a 
SCIENTIFIC MEETING 
held at Burlington House, on Thursday, November 15th, 1956, at 7.30 p.m. 


The President, Prorrssor E, L. Hirst, M.A., D.Sc., F.R.S., was in the Chair. 


MINUTES 


The Minutes of the Scientific Meeting held at the University College, London, W.C.1, 
on Thursday, November Ist, 1956, were read, and were confirmed and signed. 


FORMAL ADMISSION OF FELLOWS. 


The following were admitted Fellows of the Society: L. C. Leitch, J. Cymerman 
Craig 


SCIENTIFIC COMMUNICATIONS. 

Ihe President expressed his pleasure in presiding at a meeting of :ixe Society to cow 
memorate the 70th Birthday of Sir Ian Heilbron, D.S.O., D.Se., LL.u., BRS., Past 
President 

The following papers were presented : 


‘The Aporphine Series. Part II, Application of the Bis hler-Napieralski 
Keaction to o-Nitrophenyl-N phenethylacetamides.”’ 3y D. H. Hey and A. L. 
Palluel 

Chemistry of the Higher Fungi. Part VI. Isomerisation Reactions of Naturally 


occurring Allenes.”” By J. D. Bu'Lock, E. R. H. Jones, P. R. Leeming, and J. M 
Thompson 

“The Structure of Pulcherrimin ’’ and ‘ Pulcherrimin—a Synthesis of 1: 4-i4 
hydroxy-2 : 5-dioxopiperazines."’ By A. H. Cook and C. A. Slater. 


At the conclusion Sir Ian Heilbron expressed his warm appreciation of the Society's 
action in holding this meeting. 


LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objection to the election of these candidates should communicate with the Honorary 
Secretaries within ten days of the date of publication of the Journal for December, 1956 Such o'yections usll 
be treated as confidential. The forms of application ave available in the Library.) 


Allen, William. Hritish. Ferens Hall, Harland Way, Cottingham, E. Yorks. Student at Hull Uni 
versity Signed by: G, W. Gray, J. J. Kipling 

Arnold, Derrick Freeborough. British. Werens Hall, Harland Way, Cottingham, E. Yorks. Student 
at Hull University. Signed by: G. W. Gray, N. B. Chapman 

Badger, Alan George. Jritish. Koom 45A, Ferens Hall, Harland Way, Cottingham, E. Yorks. Student 
at Hull University, Signed: G. W. Gray, N. B. Chapman 

Bateman, Alan William Thomas. [ritish. 5%A The Woodlands, London, S.E.13. Technical Assistant 
Signed by: P. V. Smith, jun., R. W. Morton 

Bell, David William. British. 85A, Victoria Road, Leeds, 6. Student. Signed by: C. J. Willis, 
H.C, Clark 

Bowden, Keith. lritish. VFerens Hall, Harland Way, Cottingham, E. Yorks. Student at Hull Uni- 
versity. Signed by: G. W. Gray, J. J. Kipling 

Britton, David John, British, C!, Old Court, Clare College, Cambridge. Student. Signed by: R.N 
Haszeldine, C. B. Reese : 
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Brookes, John Henry. British. 19, Queen Street, Pant, Dowlais, Glam. Student. Signed by 
E. E. Ayling, G. H. R. Summers 

Cairncross, Ian Macleod. British. 142, St. Stephen Street, Edinburgh. Student. Signed by: G. O 
Aspinall, A. McM. Anderson. 

Cairns, John Francis. British. 27, Woodville Gardens, Iiford, Essex. Student. Signed by: K. W 
Sykes, M. F. Ansell. 

Catlow, David Brian. British. 3, Winchester Road, Ilford, Essex. Student at Queen Mary College 
Signed by: K. W. Sykes, W. J. Hickinbottom. 

Chalmers, Robert Alexander, B.Sc. (Manc.), Ph.D. (Edin.). British. 9, Balgownie Road, Bridge of 
Don, Aberdeenshire. University Lecturer. Signed by: R. Belcher, J. E. Fildes 

Chetwyn, Alan, B.Sc. (Wales), A.R.L.C. British, 44, Kimberley Road, Pen-y-Lan, Cardiff, Glam. 
Research Student. Signed by; J. W. Bayles, A. R. Pinder 

Cliffe, Eric Edward, B.A. (Cantab.). British. Nuffield Laboratory of Ophthalmology, Walton Street, 
Oxford. Research Student. Signed by: S. G. Waley, F. M. Brewer 

Cornford, Pauline Valerie. british. Thwaite Hall, Thwaite Street, Cottingham, E. Yorks. Student 
at Hull University. Signed by: G. W. Gray, J. J. Kipling 

Coombs, Robert Victor. British. 6, Cheapside, Brighton, Sussex. Student at Queen Mary College. 
Signed by: K. W. Sykes, W. J. Hickinbottom 

Cowen, Raymond Arthur, B.Sc. (Liv.). British. 22, Hawthorne Grove, Great Carleton, Poulton-le- 
Fylde, Blackpool, Lancs. Research Student. Signed by: C. C. Barker, G, W. Gray, 

Deb, Satyendra Kumar, M.Sc. (Dacca). Pakistani. Gonville and Caius College, Cambridge. Research 
Student Signed by: A. D. Yoffe, F. P. Bowden 

Eastaugh, Derek John. British. 38, Church Street, Hatfield, Herts. Student. Signed by: T. J 
Barnes, T. E. Rogers 

Frost, John Stuart. Jsritish. 25, Woodside View, Greetland, Nr. Halifax Yorks. Student at Queen's 
College, Oxford. Signed by: R. E. Richards, J. W. Linnett 

Gibson, Michael David. Student. British. 4%, Hartham Koad, Isleworth, Middlesex. Student at 
Queen Mary College. Signed by: W. J. Hickinbottom, K. W. Sykes 

Gray, Frank Alexander. Australian. 9, Donnelly Road, Naremburn, New South Wales, Australia 
Research Student. Signed by: I. G. Ross, T. Iredale 

Hallas, Geoffrey, B.Sc. (Hull). British. 53, Tom Lane, Crosland Moor, Huddersfield, Yorks. Research 
Student. Signed by: G. W. Gray, K. Clarke 

Hatch, Frank. Hritish. Hillmount, Hiraddug Road, Dyserth, Khyl, Flintshire. Student. Signed 
by: E. E. Ayling, G. H. R. Summers 

Hobday, Elizabeth Ann. British. 17, Fitzroy Road, Swindon, Wilts. Student. Signed by: K. BE 
Richards, H. Irving 

Hunt, John Anthony, B.A. (Cantab.). British. 26, Tenison Avenue, Cambridge. Research Assistant 
at Medical Research Council Unit, Cambridge. Signed by: V.M. Ingram, J. E. Downes 

Ibbotson, Arthur, 8.Sc.(Lond.). British. 29, Pendrill Street, Beverley Road, Hull, E. Yorks. Student 
at Hull University. Signed by: G. W. Gray, K. Clarke 

Irvine, Dennis Horace, 8. Sc. (Leeds), Ph.D. (Cavtab.). British. Department of Chemistry, University 
College, Ibadan, Nigeria. Lecturer. Signed by: C. W. L. Bevan, J]. Hirst 

Jackson, Richard Anthony, 8.A.(Oxon.). British. 18, Linden Drive, Evington, Leicester. Research 
Student at Balliol College. Signed by: RK. E. Richards, kK. P. Bell 

Jamooa, Jalal Jamil Mansoor. Iraqi. 23, Sketty Koad, Uplands, Swansea. Student. Signed by 
D. A. Long, KR. H. Davies. 

Jones, Richard Alan. British. 6, Westfiel’ Road, Bedford, Beds. Student. Signed by: KK. E 
Richards, A. R. Katritzky 

Keen, Ian Montgomery. British. Kiln Farm, Marden, Tonbridge, Kent. Student at Queen Mary 
College. Signed by: K. W. Sykes, T. R. Layzell 

Lawlor, John Michael. British. Flat 11, Tooting Police Station, Mitcham Road, London, S.W.17 
Undergraduate at the Royal College of Science. Signed by: J. A. Elvidge, P. F. Todd 

Lemon, David. British. 136, Princes Avenue, London, W.3. Flavour Chemist, Signed by: W.H 
Shilling, E. S. Maurer. 

Lewis, David, .Sc. (Hull). British. 111, Fairfax Avenue, Hull, E. Yorks. Research Student 
Signed by; C. C. Barker, G. W, Gray 

Lown, James William, 1}.Sc. (Lond), A.R.C.S. British. 3, The Links, Seaton Sluice, Whitley Bay, 
Northumberland. Post-graduate Student at Imperial College. Signed by lL. M. Jackman 
J. A. Elvidge 

McEvan, Thomas. [ritish. 2, Thornacre Crescent, Wrose, Shipley, Yorks. Chemical Manufacturer 
Signed by: N. Logan, E. Markham. 

McWhinnie, William Robin. British. 32, Sutherland Avenue, Welling, Kent. Student. Signed by 
K. W. Sykes, E. A. Lucken. 

McWilliam, Ian Robert. Hritish. Tormore, Thornhill Avenue, Elderslie, Kenfrewshire. Student 
Signed by: C. T. lronside, R. H. B. Galt 

Mason. Prank John. British. Ferens Hall, Harland Way, Cottingham, FE. Yorks. Student at Hull 
University. Signed by: G. W. Gray, J. J. Kipling 

Mather, Joseph Glendinning, B.Sc. (Lond.). British. 19, Pearson Avenue, Hull, E. Yorks. Research 
Student. Signed by: J. Shorter, G. W. Gray 
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Mitchell, David Lawrence, 1.Sc. (Kingston, Canada). Canadian. Department of Chemistry, Gordon 
Hall, Queen's University, Kingston, Ontario, Canada. Graduate Student. Signed by: N. K. 
Matheson, T. J. Painter 

Moffatt, John Gilbert, 13.A., M.Sc., and Ph.D. (British Columbia). Canadian. British Columbia Re- 
search Council, University of British Columbia, Vancouver 8, British Columbia, Canada. Research 
Chemist. Signed by: H.G. Khorana, G. M. Tener. 

Morantz, Daniel Joseph, M.Sc. (McGill), Ph.D. (Manc.). Canadian. 227, Barnsley Koad, Sheffield, 4. 
Honorary Lecturer at Sheffield University. Signed by: G. Porter, H. J. V. Tyrrell. 

Muhammad, Bultan, M.Sc. (Panjab). Pakistani. Organic Chemistry Department, The University, 
Manchester, 13. Student. Signed by: G. D. Meakins, K. N. Speake 

Newham, John, 1.Sc. (Hull). British. 92, Edgecumbe Street, Newland Avenue, Hull. Research 
Student. Signed by: G. C. Bond, G. W. Gray. 

Peapell, Margaret. Writish. Thwaite Hall, Thwaite Street, Cottingham, E. Yorks. Student at Hull 
University. Signed by: G. W. Gray, J. J. Kipling. 

Perry, Reginald Gilbert. ritish. 249, Southcroft Road, Streatham, London, S.W.16. Student at 
Imperial College. Signed by: J. A. Elvidge, R. M. Barrer. 

Posner, Ruth, Sc. (Lond.). British. 21, Norman Avenue, Tunstall, Stoke on Trent. Research 
Student at Queen Mary College. Signed by: M. J. S. Dewar, C. M. French 

Rae, Anthony Charles, 5.5c.Tech. (Manc.). British. 5, Cliff Grove, Heaton Moor, Stockport, Cheshire 
Kesearch Student at Manchester University. Signed by; H. N. Rydon, T. K. Walker. 

Roderick, Howell Rhys. British. CGwydderig, North Road, Whitland, Carmarthenshire. Student 
Signed by: FE. E. Ayling, G. H. R. Summers. 

Rogers, Henry Joseph, Sc. (Sheffield). 71, Huntingtower Road, Ecclesall, Sheffield, 11. Student. 
Signed by: K. D. Haworth, D. T. Elmore. 

Schimelpfenig, Clarence William, jun., M.S. (North Texas State Coll.). American. 211, Noyes Labora- 
tory, University of Illinois, Urbana, Lilinois, U.S.A. Graduate Student. Signed by: D. Y. Curtin, 
N. |. Leonard 

Shimoyama, Kichiro, M.Chem. (Tokyo). Japanese. c/o Meguro Laboratory, Mitsui Chemical Industry 
Co. Ltd., 1-839, Nakameguro, Meguro-ku, Tokyo, Japan. Manager of Meguro Laboratory. Signed 
by I, Ohta, H, Okeda 

Sperry, John Arthur. British. Station House, Asfordby Hill, Melton Mowbray, Leics. Student at 
Imperial College’ Signed by: J. A. Elvidge, R. M. Barrer. 

Stamp, Anthony, 13.Sc. (Hull). British. 25, Ventnor Street, Hull, Yorks. Student. Signed by: 
C. C, Barker, G. W, Gray 

Stewart, Michael Simon. Jritish. 27, Ashcombe Gardens, Edgware, Middlesex. Student. Signed 
by: N. Lewin, J. Hudec 

Taft, Robert W., jun., M.S. (Kansas), Ph.D. (Ohio). American. Department of Chemistry, Pennsyl- 
vania State University, University Park, Penna., U.S.A. Professor of Chemistry. Signed by: 
A. P. Wolf, D. R. Christman. 

Troman, John Neville. ritish. 14, Moorland Avenue, Lincoln. Student at Nottingham University. 
Signed by: 1. J. King, D. Shooter 

Utiey, James Henry Paul, British. 119, Castle Hill, Reading, Berks. Student at Hull University. 
Signed by: G. W. Gray, K. Clarke. 

Walmsley, Robert Seddon, 85.A. (Oxon.). British. Ingledene, Junction Koad, Deane, Bolton, Lancs 
Kesearch Student at Oxford University. Signed by: RK. E. Richards, J. H. Barltrop 5 

Walters, Stephen Terrey. ritish. Hotel Bon Port, St. Martin, Guernsey, Channel Islands, Student 
it Oxtord University. Signed by; KR. E. Richards, L. A. K. Staveley 

Waterfield, William Richard. ritish. Broughton Villa, Broughton, Nr. Kettering, Northants. Under- 
graduate at Imperial College, Signed by; J. A. Elvidge, L. M. Jackman 

Waterman, Hanneke, 13.Sc. (Sydney). British. c/o School of Applied Chemistry, New South Wales 
University of Technology, Ultimo, New South Wales, Australia. Kesearch Student. Signed by: 
kK. L. Martin, I, K. Gregor, 

Watson, Peter Frederick, B.Sc. (Nott.). British. Leamington College for Boys, Binswood Avenue, 
Leamington Spa. School Teacher Signed by: T. J. King, G. Reac 

Whiteman, John Leonard, 1.Sc. (Lond.). British. 24, The Drive, Vonbridge, Kent. Research 
Chemist Signed by; D, A, Ginger, J. Wilby. 

Wilson, Thomas Michael Binns, &.Sc. (Manc.). Jritish. 10, Farndale Crescent, Middlesbrough. 
Kesearch Student at Manchester University. Signed by; G. D. Meakins, K. N. Speake. 

Wood, Alexander, Student. British. 3, Milton Street, Carluke, Lanarkshire. Student at Glasgow. 
University. Signed by; C. T. Lewin, J. A. Mair. 

Worrall, Brian Michael, B.Sc. (Hull). British. 101, Woodville Road, Boston, Lines, Research 
Student. Signed by; C, C, Barker, G. W. Gray. 


UNDER SPECIAL PROVISION APPERTAINING TO FELLOWS RESIDENT ABROAD. 


Shipley, Warwick Grenville Michael, B.Sc. (Sheffield), British. Schafweide, 73, (17a) Mannheim, 
Germany. Research Chemist. Signed by: H. J. V. Tyrrell. 
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PAPERS ACCEPTED 


(List of Papers accepted between October 19th and November L5th, 1956, 
for publication in the Journal.) 


 Electrophilic substitution, Part IX. The anomalous nitrations of quinoline,” 
By M. J. S. Dewar and P. M, Malr.is, é 

“ Stability of the glycosidic linkages in carbohydrates.””. By WiniFRED G, Wricut, 

‘ The preparation of fused triazole systems.’’ By J. D, Bower and F, P. Doy.e. 

‘The photodecomposition of carbon dioxide and of ammonia by xenon 1470 A radia- 
tion.”’ By H. Jucker and (Sir) Eric K. Ripeat. 

“ The oxidation of monoethenoid fatty acids and esters. Catalytic oxidation of ketol 
derivatives of oleic acid.’’ By T. L. PARKINsON and J. H. SKELLON, 

‘ Spectrophotometric determination of the dissociation constant of hydrogen peroxide.”’ 
By S. S. MUHAMMED and T, NAVANEETH Rao. 

“The products of the interaction of hydrogen selenide and ketones.” By D., S. 
MARGOLIS and R, W, PITTMAN. 

The action of bromine-sulphuric acid mixtures on methyl a-p-glucopyranoside.”’ 
By A. B. Foster and S. V. VARDHEIM. 

‘ The antisymmetric stretching band of carbodi-imides."" By G, D, Meakins and R, J. 
Moss. 

‘ The chemistry of nitrosyl complexes. Part III, Evidence for compound formation 
in liquid nitrosyl! chloride from tracer studies."" By J. Lewis and D, B, SowerBy. 

“Infrared spectra and polar effects, Part V. Carbonyl-carbonyl interactions.”’ 
By L. J. BELLAMy and R. L. WILLIAMS, 

‘‘ Infrared spectra and polar effects. Part VI. Internal and external spectral relation- 
ships.”’ By L. J. Bettamy and R. L. WILLIAMs. 

‘The reaction of anthracene with benzyl radicals.’’ By A. L. J. Beekwrrn and 
WILLIAM A, WATERS. 

‘ Quantitative aspects of the base-catalysed halogenation of aliphatic ketones, Part 
II. lodination of non-methyl ketones.”’ By C, Ff, Cuttis and M, H, Hasumy, 

‘“Chalcones and related compounds, Part I. Preparation of nitro-, amino-, and 
halogeno-chalcones,’’ By W. Davey and J. RK. GwIt. 

‘Chalcones and related compounds. Part II. Addition of thiols and esters to the 
chalcone system.’” By W. Davey and J. RK. Gwicr. 

‘‘ Chalcones and related compounds, Part III, Addition of benzene analogues to the 
chalcone system.’’ By W. Davey and J. R. Gwii1 

Alkyl migration in some organophosphorus amidates.’’ Ly J, 1. G. CADOGAN. 

‘ 2-Mercaptoglyoxalines. Part XI. The preparation of mixed 1 ; 5-disubstituted 
2-mercaptoglyoxalines and the corresponding  thiazolo(3’: 2’-1 : 2)glyoxalines,”” By 
ALEXANDER Lawson and H. V. Morey. 

‘ Toxic constituents of the Australian finger cherry, Khodomyrtus macrocarpa Benth.” 
By S. Triprert. 

“The detection, by means of anthracene, of free radicals formed in “ abnormal ”’ 
reactions of Grignard reagents.’’ By R.O. C. NoRMAN and W. A, WATERS. 

“ Addition of methyl radicals to substituted benzenes."" By W. J, Hettman, A. 
REMBAUM, and M. Szwarc. 

‘ Organosilicon compounds. Part XIX. Medium effects in the reaction between 
trimethylsilylmethylbenzoate ions and hydroxide ion.’ By C. EAborn and 5, H, PARKER. 

“Structure of compounds of ferrocyanide type. Part Il. Crystal structure of 
§-tetramethyl ferrocyanide."’ By R, Hutme and H. M. Powk.. 

‘A search for new trypanocides, Part IV, Some derivatives of 4-amino-6-amino- 
methylquinaldine and | : 2-di-(4-aminoquinald-6-yljethylene.” By J. N. Asuiey and 
M. Davis, 

“ The dipole moment of the helium hydride molecule-ion, HeH**.”” By B. F. Gray 


and H. O, PritcHarp, 
‘ The nature and stability of the complex ions formed by ter-, quadri-, and sexa-valent 
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plutonium ions with ethylenediaminetetra-acetic acid. Part 1. pH Titrations and 
ion-exchange studies,”” By J. K. Foreman and T. D. Situ. 

The nature and stability of the complex ions formed by ter-, quadri-, and sexa-valent 
plutomum ions with ethylenediaminetetra-acetic acid. Part Il. Spectrophotometri« 
studies.”’ by J. K. Foreman and T. D. Smiru. 

“ The paper chromatography of cyclitols.’ By S. J. AncyaL, D. J. McHuGu, and 
P, T, GILHAM, 

Absorption spectra of some sulphoxides in the near ultraviolet region.’”” By G. 
LeANDRI, A. MANGINI, and R. PASSERINI. 

Electron donor and acceptor complexes with aromatic systems. Part V. Polaris 
ation bonding in solid complexes formed by some heterocyclic aromatic molecules."’ By 
W. Sioucu and A, R, UBBELOHDE, 

‘Studies in pyrolysis. Part VIII. Competitive routes in the pyrolysis of esters : 
alkylene and alkylidene dibenzoates and some related substances."’ By R. J. P. ALLAN, 
Ek. Jones, and P, D. Rirente, 

“A conductimetric study of acid-base interactions in non-aqueous media,”’ By 
P. J. KR. Bryant and A. W. H. Warprop. 

“ Colour and constitution. Part I, The effect of methyl substitution on the ultra- 
violet spectra of alternant hydrocarbons.”” By Davip Peters 

‘Syntheses from phthalimido-acids. Part VII, Oxazolones and other intermediates 
in the synthesis of phthalylpeptides, and an investigation of maleic acid derivatives of 
amino-acids,”” By F, E, Kinc, J. W. CLark-Lewis, Roy Wapbe, and (in part) W. A. 
SWINDIN 

‘Syntheses from phthalimido-acids, Part VIII. Synthesis of glutathione by a new 
route to cysteinyl-peptides,”” By F. E. Kine, J. W. CLarK-Lewis, and Roy WADE. 

‘Syntheses from phthalimido-acids, Part IX, Model compounds for a synthesis 
of glutathione, and phthalyl-L-glutamic anhydride as a source of a-glutamyl-peptides.”’ 

sy kk. Kine, J. W. CLAkK-Lewis, and Roy WADE. 

A total synthesis of (-+-)-ferruginol.’’ By F. E. Kine, T. J. Kine, and J. G. Top.iss. 

‘The preparation of 2: 2-dimethyl- and 2: 2 : 6-trimethyleyclohexanone.”” By F. E. 
Kine, T. J. Kine, and J. G. Topiiss 

‘ Triterpenes and related compounds. Part XXX. The relative stabilities of ring-a 
unsaturated hydrocarbons derived from 3; 4-dimethylcholestane and 3-methyl-24-norurs 
}2-en¢ by J. L. Beton, T. G. HALSALL, E, R. H. Jones, and P. C, PHILLIPs. 

“The preparation of 2-(5-methyl-l-naphthyljethyl bromide.’ By J. C. BARDHAN, 
DD). Nasirurt, and D, N. MUKHERJI. 

‘ Nucleophilic displacement reactions in aromatic systems. Part VI. Influence of 
nuclear alkyl groups in the aromatic system. Kinetics of the reactions of chlorodinitro 
toluenes and related compounds with piperidine, aniline, and ethoxide ions in ethanol, 
and with methoxide ions in methanol,’ By B, Capon and N, B. CHAPMAN. 

 Polymerisation of thiophen derivatives. Part V. Some condensations of nitro- 
thionaphthen 1 : 1-dioxides."’ By W. Davies and Q. N. Porter. 
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